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Introductory Note. 

Soon after my entrance upon the missionary field, in the Maratha 
country of western India, in the year 1839, my attention was directed 
to the preparation, in the Maratht language, of an astronomical text- 
book for schools. I was thus led to a study of the Hindu science of 
astronomy, as exhibited in the native text-books, and to an examination 
of what had been written respecting it by European scholars. I at 
once found myself, on the one hand, highly interested by the subject 
itself, and, on the other, somewhat embarrassed for want of a satisfactory 
introduction to it. A comprehensive exhibition of the Hindu system had 
nowhere been made. The Astronomie Indienne of Bailly, the first ex- 
tended work upon its subject, had long been acknowledged to be founded 
upon insufficient data, to contain a greatly exaggerated estimate of the 
antiquity and value of the Hindu astronomy, and to have been written 
for the purpose of supporting an untenable theory. The articles in the 
Asiatic Researches, by Davis, Colebrooke, and Bentley, which were the 
first, as they still remain the most important, sources of knowledge re- 
specting the matters with which they deal, relate only to particular 
points in the system, of especial prominence and interest. Bentley's 
volume on Hindu astronomy is mainly occupied with an endeavor to 
ascertain the age of the principal astronomical treatises, and the epochs 
of astronomical discovery and progress, and is, moreover, even in these 
respects, an exceedingly unsafe guide. The treatment of the subject by 
Delambre, in his History of Ancient Astronomy, being founded only 
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upon Bailly and the earliest of the essays in the Asiatic Researches, 
partakes, of course, of the incompleteness of his authorities. Works 
of value have been published in India also, into which more or less of 
Hindu astronomy enters, as Warren's Kala Sankalita, Jervis's Weights 
Measures and Coins of India, Hoisington's Oriental Astronomer, and 
the like ; but these, too, give, for the most part, hardly more than the 
practical processes employed in parts of the system, and they are, like 
many of the authorities already mentioned, only with difficulty accessi- 
ble. In short, there was nothing in existence which showed the world 
how much and how little the Hindus know of astronomy, as also their 
mode of presenting the subject in its totality, the intermixture in their 
science of old ideas with new, of astronomy with astrology, of observa- 
tion and mathematical deduction with arbitrary theory, mythology, 
cosmogony, and pure imagination. It seemed to me that nothing would 
so well supply the deficiency as the translation and detailed explication 
of a complete treatise of Hindu astronomy : and this work I accord- 
ingly undertook to execute. 

Among the different Siddhantas, or text-books of astronomy, existing 
in India in the Sanskrit language, none appeared better suited to my 
purpose than the Surya-Siddhanta. That it is one of the most highly 
esteemed, best known, and most frequently employed, of all, must be 
evident to any one who has noticed how much oftener than any other 
it is referred to as authority in the various papers on the Hindu astron- 
omy. In fact, the science as practised in modern India is in the greater 
part founded upon its data and processes. In the lists of Siddhantas 
given by native authorities it is almost invariably mentioned second, the 
Brahma-Siddhanta being placed first : the latter enjoys this preminence, 
perhaps, mainly on account of its name ; it is, at any rate, compara- 
tively rare and little known. For completeness, simplicity, and concise- 
ness combined, the Surya-Siddhanta is believed not to be surpassed by 
any other. It is also more easily obtainable. In general, it is difficult, 
without official influence or exorbitant pay, to gain possession of texts 
which are rare and held in high esteem. During my stay in India, I 
was able to procure copies of only three astronomical treatises besides 
the Sftrya-Siddhanta ; the Cakalya-Sanhita, of the Brahma-Siddhanta, 
the Siddhanta-Giromani of Bhaskara, and the Graha-Laghava, of which 
the two latter have also been printed at Calcutta. Of the Surya- 
Siddhanta I obtained three copies, two of them giving the text alone, 
and the third also the commentary entitled Gudharthaprakacaka, by 
Ranganatha, of which the date is unknown to me. The latter manu- 
script agrees in all respects with the edition of the Surya-Siddhanta, 
accompanied by the same commentary, of which the publication, in the 
series entitled Bibliotheca Indica, has been commenced in India by 
an American scholar, and a member of this Society, Prof. Fitz-Edward 
Hall of Benares ; to this I have also had access, although not until my 
work was nearly completed. 

My first rough draft of the translation and notes was made while I 
was still in India, with the aid of Brahmans who were familiar with the 
Sanskrit and well versed in Hindu astronomical science. In a few points 
also I received help from the native Professor of Mathematics in the 
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Sanskrit College at Puna. But notwithstanding this, there remained 
not a few obscure and difficult points, connected with the demonstration 
and application of the processes taught in the text. In the solution of 
these, I have received very important assistance from the Committee of 
Publication of the Society. They have also — the main share of the 
work falling to Prof. Whitney — enriched the notes with much additional 
matter of value. My whole collected material, in fact, was placed in 
their hands for revision, expansion, and reduction to the form best 
answering to the requirements of modern scholars, my own engrossing 
occupations, and distance from the place of publication, as well as my 
confidence in their ability and judgment, leading me to prefer to intrust 
this work to them rather than to undertake its execution myself. 

We have also to express our acknowledgments to Mr. Hubert A. 
Newton, Professor of Mathematics in Yale College, for valuable aid ren- 
dered us in the more difficult demonstrations, and in the comparison of 
the Hindu and Greek astronomies, as well as for his constant advice and 
suggestions, which add not a little to the value of the work. 

The Surya-Siddhanta, like the larger portion of the Sanskrit litera- 
ture, is written in the verse commonly called the floka, or in stanzas of 
two lines, each line being composed of two halves, or p&das, of eight 
syllables each. With its metrical form are connected one or two pecu- 
liarities which call for notice. In the first place, for the terms used 
there are often many synonyms, which are employed according to the 
exigencies of the verse : thus, the sun has twelve different names, Mars 
six, the divisions of time two or three each, radius six or eight, and so 
on. Again, the method of expressing numbers, large or small, is by 
naming the figures which compose them, beginning with the last and 
going backward ; using for each figure not only its own proper name, 
but that of any object associated in the Hindu mind with the number it 
represents. Thus, the number 1,577,917,828 (i. 37) is thus given : 
Vasu (a class of deities, eight in number) -two-eight-mountain (the seven 
mythical chains of mountains) -form-figure (the nine digits) -seven-moun- 
tain-lunar days (of which there are fifteen in the half-month). Once 
more, the style of expression of the treatise is, in general, excessively 
concise and elliptical, often to a degree that would make its meaning 
entirely unintelligible without a commentary, the exposition of a native 
teacher, or such a knowledge of the subject treated of as should show 
what the text must be meant to say. Some striking instances are 
pointed out in the notes. This over-conciseness, however, is not wholly 
due to the metrical form of the treatise : it is characteristic of much of 
the Hindu scientific literature, in its various branches ; its text-books are 
wont to be intended as only the text for written comment or oral expli- 
cation, and hint, rather than fully express, the meaning they contain. 
tn our translation, we have not thought it worth while to indicate, by 
parentheses or otherwise, the words and phrases introduced by us to 
make the meaning of the text evident : such a course would occasion 
the reader much more embarrassment than satisfaction. Our endeavor 
is, in all cases, to hit the true mean between unintelligibility and diffuse- 
ness, altering the phraseology and construction of the original only so 
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far as is necessary. In both the translation and the notes, moreover, 
we keep steadily in view the interests of the two classes of readers for 
whose benefit the work is undertaken : those who are orientalists with- 
out being astronomers, and those who are astronomers without being 
orientalists. For the sake of the former, our explanations and demon- 
strations are made more elementary and full than would be necessary, 
were we addressing mathematicians only : for the sake of the latter, we 
cast the whole into a form as occidental as may be, translating every 
technical term which admits of translation : since to compel all those who 
may desire to inform themselves respecting the scientific content of the 
Hindu astronomy to learn the Sanskrit technical language would be 
highly unreasonable. To furnish no ground of complaint, however, to 
those who are familiar with and attached to these terms, we insert them 
liberally in the translation, in connection with their English equivalents. 
The derivation and literal signification of the greater part of the tech- 
nical terms employed in the treatise are also given in the notes, since 
such an explanation of the history of a term is often essential to its 
full comprehension, and throws valuable light upon the conceptions of 
those by whom it was originally applied. 

We adopt, as the text of our translation, the published edition of the 
Siddhanta, referred to above, following its readings and its order of ar- 
rangement, wherever they differ, as they do in many places, from those 
of the manuscripts without commentary in our possession. The dis- 
cordances of the two versions, when they are of sufficient consequence 
to be worth notice, are mentioned in the notes. 

As regards the transcription of Sanskrit words in Roman letters, we 
need only specify that c represents" the sound of the English ch in 
" church," Italian c before e and * : that,;' is the English.;' : that f is pro- 
nounced like the English sh, German sch, French ch, while sh is a sound 
nearly resembling it, but uttered with the tip of the tongue turned back 
into the top of the mouth, as are the other lingual letters, t, d, n : 
finally, that the Sanskrit r used as a vowel (which value it has also in 
some of the Slavonic dialects) is written with a dot underneath, as r. 

The demonstrations of principles and processes given by the native 
commentary are made without the help of figures. The figures which 
we introduce are for the most part our own, although a few of them 
were suggested by those of a set obtained in India, from native mathe- 
maticians. 

For the discussion of such general questions relating to" this Siddhanta 
as its age, its authorship, the alterations which it may have undergone 
before being brought into its present form, the stage which it represents 
in the progress of Hindu mathematical science, the extent and character 
of the mathematical and astronomical knowledge displayed in it, and 
the relation of the same to that of other ancient nations, especially of 
the Greeks, the reader is referred to the notes upon the text. The form 
in which our publication is made does not allow us to sum up here, in 
a preface, the final results of our investigations into these and kindred 
topics. It may perhaps be found advisable to present such a summary 
at the end of the article, in connection with the additional notes and 
other matters to be there given. 



SURYA-SIDDHANTA. 



CHAPTER I. 

OF THE MEAN MOTIONS OF THE PLANETS. 

Contents : — 1 , homage to the Deity ; 2-9, revelation of the present treatise ; 10-11, 
modes of dividing time ; 11-12, subdivisions of a day ; 12-14, of a year ; 14—17, 
of the Ages; 18-19, of an ^Eon ; 20-21, of Brahma's life; 21-23, part of it 
already elapsed ; 24, time occupied in the work of creation ; 25-27, general 
account of the movements of the planets ; 28, subdivisions of the circle; 29-33, 
number of revolutions of the planets, and of the moon's apsis and node, in an 
Age ; 34-39, number of days and months, of different kinds, in an Age ; 40, in an 
iEon ; 41-44, number of revolutions, in an iEon, of the apsides and nodes of the 
planets ; 45-47, time elapsed from the end of creation to that of the Golden Age ; 
48-51, rule for the reduction to civil days of the whole time since the creation ; 
51-52, method of finding the lords of the day, the month, and the year; 53-54, 
rule for finding the mean place of a planet, and of its apsis and node ; 55, to find 
the current year of the cycle of Jupiter ; 56, simplification of the above calcula- 
tions; 57-58, situation of the planets, and of the moon's apsis and node, at the 
end of the Golden Age; 59-60, dimensions of the earth; 60-61, correction, for 
difference of longitude, of the mean place of a planet as found ; 62, situation of 
the principal meridian ; 63-65, ascertainment of difference of longitude by differ- 
ence between observed and computed time of a lunar eclipse ; 66, difference of 
time owing to difference of longitude ; 67, to find the mean place of a planet for 
any required hour of the day ; 68-70, inclination of the orbits of the planets. 

1. To him whose shape is inconceivable and nnmanifested, 
who is unaffected by the qualities, whose nature is quality, 
whose form is the support of the entire creation — to Brahma be 
homage ! 

The usual propitiatory expression of homage to some deity, with 
which Hindu works are wont to commence. 

2. When but little of the Golden Age (Icrta yuga) was left, a 
great demon (asura), named Maya, being desirous to know thai 
mysterious, supreme, pure, and exalted science, 

_ 3. That chief auxiliary of the scripture (veddnga), in its en- 
tirety — the cause, namely, of the motion of the heavenly bodies 
(jyotis), performed, in propitiation of the Sun, very severe re- 
ligious austerities. 

VOL. VI. 19 
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According to this, the Surya-Siddhanta was revealed more than 
2,164,960 years ago, that amount of time having elapsed, according to 
Hindu reckoning, since the end of the Golden Age ; see below, under 
verse 48, for the computation of the period. As regards the actual 
date of the treatise, it is, like all dates in Hindu history and the history 
of Hindu literature, exceedingly difficult to ascertain. It is the more 
difficult, because, unlike most, or all, of the astronomical treatises, the 
Surya-Siddhanta attaches itself to the name of no individual as its 
author, but professes to be a direct revelation from the Sun (surya). A 
treatise of this name, however, is confessedly among the earliest text- 
books of the Indian science. It was one of the five earlier works upon 
which was founded the Panca-siddhantika, Compendium of Five As- 
tronomies, of Varaha-mihira, one of the earliest astronomers whose works 
have been, in part, preserved to us, and who is supposed to have lived 
about the beginning of the sixth century of our era. A Surya-Siddhanta 
is also referred to by Brahmagupta, who is assigned to the close of the 
same century and the commencement of the one following. The argu- 
ments by which Mr. Bentley (Hindu Astronomy, p. 158, etc.) attempts 
to prove Varaha-mihira to have lived in the sixteenth century, and his 
professed works to be forgeries and impositions, are sufficiently refuted 
by the testimony of al-Birunl (the same person as the Abu-r-llaihan, so 
often quoted in the first article of this volume), who visited India under 
Mahmud of Ghazna, and wrote in A.D. 1031 an account of the coun- 
try : he speaks of Varaha-mihira and of his Panca-siddhantika, assign- 
ing to both nearly the same age as is attributed to them by the modern 
Hindus (see Rcinaud in the Journal Asiatique for Sept.-Oct. 1844, iv me 
Serie, iv. 286; and also his Memoire sur l'Inde). He also speaks of the 
Surya-Siddhanta itself, and ascribes its authorship to Lata (Memoire sur 
l'Inde, pp. 331, 332), whom Weber (Vorlesungen iiber Indische Litera- 
turgeschichte, p. 229) conjecturally identifies with a Ladha who is cited 
by Brahmagupta. Bentley has endeavored to show by internal evi- 
dence that the Surya-Siddhanta belongs to the end of the eleventh 
century : see below," under verses 29-34, where his method and results 
are explained, and their value estimated. 

Of the six Vedangas, " limbs of the Veda," sciences auxiliary to the 
sacred scriptures, astronomy is claimed to be the first and chief, as rep- 
resenting the eyes ; grammar being the mouth, ceremonial the hands, 
prosody the feet, etc. (see Siddhanta-Ciromani, i. 12-14). The import- 
ance of astronomy to the system of religious observance lies in the fact 
that by it are determined the proper times of sacrifice and the like. 
There is a special treatise, the Jyotisha of Lagadha, or Lagata, which, 
attaching itself to the Vedic texts, and representing a more primitive 
phase of Hindu science, claims to be the astronomical Vedanga ; but it 
is said to be of late date and of small importance. 

The word jyotis, " heavenly body," literally " light," although the 
current names for astronomy and astronomers are derived from it, does 
not elsewhere occur in this treatise. 

4. Gratified by these austerities, and rendered propitious, the 
Sun himself delivered unto that Maya, who besought a boon, 
the system of the planets. 
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The blessed Sun spoke : 

5. Thine intent is known to me ; I am gratified by thine aus- 
terities ; I will give thee the science upon which time is founded, 
the grand system of the planets. 

6. No one is able to endure my brilliancy; for communication 
I have no leisure ; this person, who is a part of me, shall relate 
to thee the whole. 

The manuscripts without commentary insert here the following verse : 

" Go therefore to Romaka-city, thine own residence ; there, under- 
going incarnation as a barbarian, owing to a curse of Brahma, I will 
impart to thee this science." 

If this verse really formed a part of the text, it would be as clear 
an acknowledgment as the author could well convey indirectly, that 
the science displayed in his treatise was derived from the Greeks. 
Romaka-city is Rome, the great metropolis of the West; its situation is 
given in a following chapter (see xii. 39) as upon the equator, ninety 
degrees to the west of India. The incarnation of the sun there as a 
barbarian, for the purpose of revealing astronomy to a demon of the 
Hindu Pantheon, is but a transparent artifice for referring the foreign 
science, after all, to a Hindu origin. But the verse is clearly out of 
place here ; it is inconsistent with the other verses among which it 
occurs, which give a different version of the method of revelation. 
How comes it here then ? It can hardly have been gratuitously devised 
and introduced. The verse itself is found in many of the manuscripts 
of this Siddhanta ; and the incarnation of the Sun at Romaka-city, 
among the Yavanas, or Greeks, and his revelation of the science of 
astronomy there, are variously alluded to in later works ; as, for instance, 
in the Jnana-bh&skara (see Weber's Catalogue of the Berlin Sanskrit 
Manuscripts, p. 287, etc.), where he is asserted to have revealed also the 
Romaka-Siddh&uta. Is this verse, then, a fragment of a different, and 
perhaps more ancient, account of the origin of the treatise, for which, 
as conveying too ingenuous a confession of the source of the Hindu 
astronomy, another has been substituted later? Such a supposition, 
certainly, does not lack plausibility. There is something which looks 
the same way in the selection of a demon, an Asura, to be the medium 
of the sun's revelation ; as if, while the essential truth and value of the 
system was acknowledged, it were sought to affix a stigma to the source 
whence the Hindus derived it. Weber (Ind. Stud. ii. 243 ; Ind. Lit. p. 
225), noticing that the name of the Egyptian sovereign Ptolemaios 
occurs in Indian inscriptions in the form Turamaya, conjectures that 
Asura Maya is an alteration of that name, and that the demon Maya ac- 
cordingly represents the author of the Almagest himself; and the conjec- 
ture is powerfully supported by the fact that al-Biruni (see Reinaud, as 
above) ascribes the Paulica-Siddhanta, which the later Hindus attribute 
to a Pulica, to Paulus al-Yun&ni, Paulus the Greek, and that another of the 
astronomical treatises, alluded to above, is called the Romaka-Siddhanta. 

It would be premature to discuss here the relation of the Hindu 
astronomy to the Greek ; we propose to sum up, at the end of this 
work, the evidence upon the subject which it contains. 
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7. Thus having spoken, the god disappeared, having given 
directions unto the part of himself. This latter person thus ad- 
dressed Maya, as he stood bowed forward, his hands suppliantly 
joined before him : 

8. Listen with concentrated attention to the ancient and exalted 
science, which has been spoken, in each successive Age, to the 
Great Sages (maharshi), by the Sun himself. 

9. This is that very same original text-book which the Sun of 
old promulgated : only, by reason of the revolution of the Ages, 
there is here a difference of times. 

According to the commentary, the meaning of these last verses is 
that, in the successive Great Ages, or periods of 4,320,000 ) ( ,ars (see 
below, under vv. 15-17), there are slight differences in the motions of 
the heavenly bodies, which render necessary a new revelation from time 
to time on the part of the Sun, suited to the altered conditions of things ; 
and that when, moreover, even during the continuance of the same Age, 
differences of motion are noticed, owing to a difference of period, it is 
customary to apply to the data given a correction, which is called bija. 
All this is very suitable for the commentator to say, but it seems not a 
little curious to find the Sun's superhuman representative himself in- 
sisting that this his revelation is the same one as had formerly been 
made by the Sun, only with different data. We cannot help suspecting 
in the ninth verse, rather, a virtual confession on the part of the promul- 
gators of this treatise, that there was another, or that there were others, 
in existence, claiming to be the sun's revelation, or else that the data 
presented in this were different from those which had been previously 
current as revealed by the Sun. We shall have more to say hereafter 
(see below, under vv. 29-34) of the probable existence of more than 
one version of the Surya-Siddhanta, of the correction called bija, and 
of its incorporation into the text of the treatise itself. The repeated 
revelation of the system in each successive Great Age, as stated in verse 
8, presents no difficulty. It is the Puranic doctrine (see Wilson's Vishnu 
Purana, p. 269, etc.) that during the Iron Age the sources of knowledge 
become either corrupted or lost, so that a new revelation of scripture, 
law, and science becomes necessary during the Age succeeding. 

10. Time is the destroyer of the worlds ; another Time has 
for its nature to bring to pass. This latter, according as it is 
gross or minute, is called by two names, real (murta) and unreal 
(amurtd). 

There is in this verse a curious mingling together of the poetical, the 
theoretical, and the practical. To the Hindus, as to us, Time is, in a 
metaphorical sense, the great destroyer of all things; as such, he is 
identified with Death, and with Yama, the ruler of the dead. Time, 
again, in the ordinary acceptation of the word, has both its imaginary, 
and its appreciable and practically useful divisions : the former are called 
real (murta, literally " embodied "), the latter unreal (amurta, literally 
" unembodied"). The following verse explains these divisions more fully. 
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The epithet kalanatmaka, applied to actual time in the first half of 
the verse, is not easy of interpretation. The commentary translates it 
"is an object of knowledge, is capable of being known," which does not 
seem satisfactory. It evidently contains a suggested etymology (Mia, 
" time," from kalana), and in translating it as above we have seen in it 
also an antithesis to the epithet bestowed upon Time the divinity. 
Perhaps it should be rather " has for its office enumeration." 

11. That which begins with respirations (prdna) is called real ; 
that which begins with atoms (trutl) is called unreal. Six respi- 
rations make a vinadi, sixty of these a nadi ; 

12. And sixty nadis make a sidereal day and night. . . . 

The manuscripts without commentary insert, as the first half of v. 1 1, 
the usual definition of the length of a respiration : " the time occupied 
in pronouncing ten long syllables is called a respiration." 

The table of the divisions of sidereal time is then as follows : 

l o long syllables (gurvakshara) = i respiration (prdya, period of four seconds) ; 
6 respirations = 1 vinadi (period of twenty-four seconds) ; 

6o vinadis = i nadi (period of twenty-four minutes) ; 

6o n&dis — I day. 

This is the method of division usually adopted in the astronomical 
text-books : it possesses the convenient property that its lowest sub- 
division, the respiration, is the same part of the day as the minute is of 
the circle, so that a respiration of time is equivalent to a minute of 
revolution of the heavenly bodies about the earth. The respiration is 
much more frequently called asu, in the text both of this and of the 
other Siddhantas. The vinadi is practically of small consequence, and 
is only two or three times made use of in the treatise : its usual modern 
name is pala, but as this term nowhere occurs in our text, we have not 
felt justified in substituting it for vinadi. For nadi also, the more 
common name is danda, but this, too, the Surya-Siddhanta nowhere 
employs, although it uses instead of nadi, and quite as often, n&dika and 
ghatiM. We shall uniformly make use in our translation of the terms 
presented above, since there are no English equivalents which admit of 
being substituted for them. 

The ordinary Puranic division of the day is slightly different from the 
astronomical, viz : 

1 5 twinklings (nimesha) = i bit (kdshthd) ; 

3o bits = i minute (kald) ; 

3o minutes = i hour (rnuhurta) ; 

3o hours s= i day. 

Manu (i. 64) gives the same, excepting that he makes the bit to con- 
sist of 18 twinklings. Other authorities assign different values to the 
lesser measures of time, but all agree in the main fact of the division of 
the day into thirty hours, which, being perhaps an imitation of the 
division of the month into thirty days, is unquestionably the ancient and 
original Hindu method of reckoning time. 

The Surya-Siddhanta, with commendable moderation, refrains from 
giving the imaginary subdivisions of the respiration which make up 
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" unreal " time. They are thus stated in Bhaskara's Siddhanta-Qiromani 
(i. 19, 20), along with the other, the astronomical, table : 

t oo atoms (truti) = i speck (tatpara) ; 

3o specks = i twinkling (nimesha) ; 

1 8 twinklings = I bit (kdihthd) ; 

3o bits = I minute {halo) ; 

3o minutes = i half-hour (gliatikd) ; 

2 half-hours = I hour (kshana) ; 

3o hours = I clay. 

This makes the atom equal to 2"gTs~tfo-o-Tnnr t h 0I " a day, or inHrso-th 
of a second. Some of the Puranas (see Wilson's Vish. Pur. p. 22) give 
a different division, which makes the atom about ^rVo-th of a second ; 
but they carry the division three steps farther, to the subtilissima 
(paramanu), which equals ^y-g-o— 50-0-Tro-wth 0I> a day, or very nearly 
TTF"o"o"o"th of a second. 

We have introduced here a statement of these minute subdivisions, 
because they form a natural counterpart to the immense periods which we 
shall soon have to consider, and are, with the latter, curiously illustrative 
of a fundamental trait of Hindu character : a fantastic imaginativeness, 
which delights itself with arbitrary theorizings, and is unrestrained by, 
and careless of, actual realities. Thus, having no instruments by which 
they could measure even seconds with any tolerable precision, they vied 
with one another in dividing the second down to the farthest conceivable 
limit of minuteness ; thus, seeking infinity in the other direction also, 
while they were almost destitute of a chronology or a history, and could 
hardly fix with accuracy the date of any event beyond the memory of 
the living generation, they devised, and put forth as actual, a frame- 
work of chronology reaching for millions of millions of years back into 
the past and forward into the future. 

12. . . . Of thirty of these sidereal days is composed a month ; 
a civil (sdvana) month consists of as many sunrises ; 

13. A lunar month, of as many lunar days (tithi); a solar 
{sdura) month is determined by the entrance of the sun into a 
sign of the zodiac : twelve months make a year. . . . 

We have here described days of three different kinds, and months 
and years of four ; since, according to the commentary, the last clause 
translated means that twelve months of each denomination make up a 
year of the same denomination. Of some of these, the practical use 
and value will be made to appear later ; but as others are not elsewhere 
referred to in this treatise, and as several are merely arbitrary divisions 
of time, of which, so far as we can discover, no use has ever been made, 
it may not be amiss briefly to characterize them here. 

Ofthe measures of time referred to in the twelfth verse, the day is 
evidently the starting-point and standard. The sidereal day is the time 
of the earth's revolution on its axis ; data for determining its length are 
given below, in v. 34, but it does not enter as an element into the later 
processes. Nor is a sidereal month of thirty sidereal days, or a sidereal 
year of three hundred and sixty such days (being less than the true 
sidereal year by about six and a quarter sidereal days), elsewhere men- 
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tioned in this work, or, so far as we know, made account of in any 
Hindu method of reckoning time. The civil (savanct) day is the natural 
day : it is counted, in India, from sunrise to sunrise (see below, v. 36), 
and is accordingly of variable length : it is, of course, an important 
element in all computations of time. A month of thirty, and a year of 
three hundred and sixty, such days, are supposed to have formed the 
basis of the earliest Hindu chronology, an intercalary month being added 
once in five years. This method is long since out of use, however, and 
the month and year referred to here in the text, of thirty and three 
hundred and sixty natural days respectively, without intercalations, are 
elsewhere assumed and made use of only in determining, for astrological 
purposes, the lords of the month and year (see below, v. 52). 

The standard of the lunar measure of time is the lunar month, the 
period of the moon's synodical revolution. It is reckoned either from 
new-moon to new-moon, or from full-moon to full-moon ; generally, the 
former is called mukhya, " primary," and the latter ff&una, " secondary " : 
but, according to our commentator, either of them may be denominated 
primary, although in fact, in this treatise, only the first of them is so 
regarded ; and the secondary lunar month is that which is reckoned 
from any given lunar day to the next of the same name. This natural 
month, containing about twenty-nine and a half days, mean solar time, 
is then divided into thirty lunar days (tithi), and this division, although 
of so unnatural and arbitrary a character, the lunar days beginning and 
ending at any moment of the natural day and night, is, to the Hindu, 
of the most prominent practical importance, since by it are regulated 
the performance of many religious ceremonies (see below, xiv. 13), and 
upon it depend the chief considerations of propitious and unpropitious 
times, and the like. Of the lunar year of twelve lunar months, how- 
ever, we know of no use made in India, either formerly or now, except 
as it has been introduced and employed by the Mohammedans. 

Finally, the year last mentioned, the solar year, is that by which time 
is ordinarily reckoned in India. It is, however, not the tropical solar 
year, which we employ, but the sidereal, no account being made of the 
precession of the equinoxes. The solar month is measured by the con- 
tinuance of the sun in each successive sign, and varies, according to the 
rapidity of his motion, from about twenty-nine and a third, to a little 
more than thirty-one and a half, days. There is no day corresponding 
to this measure of the month and of the year. 

In the ordinary reckoning of time, these elements are variously com- 
bined. Throughout Southern India (see Warren's Kala Sankalita, 
Madras: 1825, p. 4, etc.), the year and month made use of are the 
solar, and the day the civil ; the beginning of each month and year 
being counted, in practice, from the sunrise nearest to the moment of 
their actual commencement. In all Northern India the year is luni- 
solar ; the month is lunar, and is divided into both lunar and civil days ; 
the year is composed of a variable number of months, either twelve or 
thirteen, beginning always with the lunar month of which the com- 
mencement next precedes the true commencement of the sidereal year. 
But, underneath this division, the division of the actual sidereal year 
into twelve solar months is likewise kept up, and to maintain the con- 
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currence of the civil and lunar days, and the lunar and solar months, is 
a process of great complexity, into the details of which we need not 
enter here (see Warren, as above, p. 57, etc.). It will be seen later in 
this chapter (vv. 48-51) that the Surya-Siddhanta reckons time by this 
latter system, by the combination of civil, lunar, and sidereal elements. 

13. . . . This is called a day of the gods. 

14. The day and night of the gods and of the demons are 
mutually opposed to one another. Six times sixty of them are 
a year of the gods, and likewise of the demons. 

" This is called," etc. : that is, as the commentary explains, the year 
composed of twelve solar months, as being those last mentioned ; the 
sidereal year. It appears to us very questionable whether, in the first 
instance, anything more was meant by calling the year a day of the 
gods than to intimate that those beings of a higher order reckoned time 
upon a grander scale : just as the month was said to be a day of the 
Fathers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the 
Patriarchs (xiv. 21), and the ^Eon (v. 20), a day of Brahma; all these 
being familiar Puranic designations. In the astronomical reconstruction 
of the Puranic system, however, a physical meaning has been given to 
this day of the gods : the gods are made to reside at the north pole, and 
the demons at the south ; and then, of course, during the half-year 
when the sun is north of the equator, it is day to the gods and night to 
the demons ; and during the other half-year, the contrary. The subject 
is dwelt upon at some length in the twelfth chapter (xii. 45, etc.). 
To make such a division accurate, the year ought to be the tropical, and 
not the sidereal ; but the author of the Surya-Siddhanta has not yet 
begun to take into account the precession. See what is said upon this 
subject in the third chapter (vv. 9-10). 

The year of the gods, or the divine year, is employed only in des- 
cribing the immense periods of which the statement now follows. 

15. Twelve thousand of these divine years are denominated 
a Quadruple Age (caturyuga) ; of ten thousand times four hun- 
dred and thirty-two solar years 

16. Is composed that Quadruple Age, with its dawn and twi- 
light. The difference of the Golden and the other Ages, as 
measured by the difference in the number of the feet of Virtue 
in each, is as follows : 

17. The tenth part of an Age, multiplied successively by four, 
three, two, and one, gives the length of the Golden and the other 
Ages, in order : the sixth part of each belongs to its dawn and 
twilight. 

The period of 4,320,000 years is ordinarily styled Great Age (ma- 
h&yuga), or, as above in two instances, Quadruple Age {caturyuga). 
In the Surya-Siddhanta, however, the former term is not once found, 
and the latter occurs only in these verses ; elsewhere, Age {yuga) alone 
is employed to denote it ; and always denotes it, unless expressly limited 
by the name of the Golden (krta) Age. 
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The composition of the Age, or Great Age, is then as follows : 





Divine 


years. 


Solar years. 


Dawn, 


4oo 




1 44,ooo 


Golden Age {krta yiir/a), 


4ooo 




1,440,000 


Twilight, 


4oo 


4,8oo 


144,000 


Total duration of the Golden Age, 


1,728 


Dawn, 


3oo 




r 08,000 


Silver Age (tretd yuga). 


3ooo 




1,080,000 


Twilight, 


3oo 




108,000 


Total duration of the Silver Age, 




3,6oo 


1,296 


Dawn, 


200 




72,000 


Brazen Age (dvdpara yuga), 


2000 




720,000 


Twilight, 


200 


2,400 


72,000 


Total duration of the Brazen Age, 


864 


Dawn, 


100 




36,ooo 


Iron Age (kali yuga). 


1000 




36o,ooo 


Twilight, 


100 




36,ooo 



Total duration of the Iron Age, 1,200 432,ooo 

Total duration of a Great Age, 12,000 4,320,000 

Neither of the names of the last three ages is once mentioned in the 
Surya-Siddhanta. The first and last of the four are derived from the 
game of dice : krta, " made, won," is the side of the die marked with 
four dots — the lucky, or winning one ; kali is the side marked with one 
dot only — the unfortunate, the losing one. In the other names, of 
which we do not know the original and proper meaning, the numerals 
tri, "three," aud dvd, "two," are plainly recognizable. The relation 
of the numbers four, three, two, and one, to the length of the several 
periods, as expressed in divine years, and also as compared with one 
another, is not less clearly apparent. The character attached to the 
different Ages by the Hindu mythological and legendary history so 
closely resembles that which is attributed to the Golden, Silver, Brazen, 
and Iron Ages, that we have not hesitated to transfer to them the latter 
appellations. An account of this character is given in Manu i. 81-86. 
During the Golden Age, Virtue stands firm upon four feet, truth and 
justice abound, and the life of man is four centuries ; in each following 
Age Virtue loses a foot, and the length of life is reduced by a century, 
so that in the present, the Iron Age, she has but one left to hobble 
upon, while the extreme age attained by mortals is but a hundred years. 
See also Wilson's Vishnu Purana, p. 622, etc., for a description of the 
vices of the Iron Age. 

This system of periods is not of astronomical origin, although the 
fixing of the commencement of the Iron Age, the only possibly his J 
torical point in it, is, as we shall see hereafter, the result of astro- 
nomical computation. Its arbitrary and artificial character is apparent. 
It is the system of the Puranas and of Manu, a part of the received 
Hindu cosmogony, to which astronomy was compelled to adapt itself, 
vol,, vr. 20 
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We ought to remark, however, that in the text itself of Manu (i. 68-71) 
the duration of the Great Age, called by him Divine Age, is given as 
twelve thousand years simply, and that it is his commentator who, by 
asserting these to be divine years, brings Manu's cosmogony to an agree- 
ment with that of the Puranas. This is a strong indication that the 
divine year is an afterthought, and that the period of 4,320,000 years 
is an expansion of an earlier one of 12,000. Vast as this period is, 
however, it is far from satisfying the Hindu craving after infinity. "We 
are next called upon to construct a new period by multiplying it by a 
thousand. 

18. One and seventy ' Ages are styled here a Patriarchate 
(manvantara) ; at its end is said to be a twilight which has the 
number of years of a Golden Age, and which is a deluge. 

19. In an iEon (kalpa) are reckoned fourteen such Patriarchs 
{manu) with their respective twilights ; at the commencement of 
the JEon is a fifteenth dawn, having the length of a Golden 
Age. 

The ./Eon is accordingly thus composed : 

Divine years. Solar years. 

The introductory dawn, 4,800 1,728,000 

Seventy-one Great Ages, 85a,ooo 306,720,000 
A twilight, 4,800 1,728,000 

Duration of one Patriarchate, 856,8oo 3o8,448,ooo 

Fourteen Patriarchates, 11,995,200 4,318,272,000 



Total duration of an Moo, 1 2,000,000 4,320,000,000 

Why the factors fourteen and seventy-one were thus used in making 
up the ./Eon is not obvious ; unless, indeed, in the division by fourteen 
is to be recognized the influence of the number seven, while at the 
same time such a division furnished the equal twilights, or interme- 
diate periods of transition, which the Hindu theory demanded. The 
system, however, is still that of the Puranas (see Wilson's Vish. Pur. p. 
24, etc.) ; and Manu (i. 72, 79) presents virtually the same, although he 
has not the term ./Eon {kalpa), but states simply that a thousand Divine 
Ages make up a day of Brahma, and seventy-one a Patriarchate. The 
term manvantara, " patriarchate," means literally " another Manu," or, 
" the interval of a Manu." Manu, a word identical in origin and mean- 
ing with our " man," became to the Hindus the name of a being per- 
sonified as son of the Sun {Vivasvant) and progenitor of the human 
race. In each Patriarchate there arises a new Manu, who becomes for 
his own period the progenitor of mankind (see Wilson's Vish. Pur. p. 
24). 

20. The Mon, thus composed of a thousand Ages, and which 
brings about the destruction of all that exists, is styled a day of 
Brahma ; his night is of the same length. 

21. His extreme age is a hundred, according to this valuation 
of a day and a night 
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We have already found indications of an assumed destruction of 
existing things at the termination of the lesser periods called the Age 
and the Patriarchate, in the necessity of a new revelation of virtue and 
knowledge for every Age, and of a new father of the human race for 
every Patriarchate. These are left, it should seem, to show us how the 
system of cosmical periods grew to larger and larger dimensions. The 
full development of it, as exhibited in the Puranas and here, admits only 
two kinds of destruction : the one occurring at the end of each JEon, 
or day of Brahma, when all creatures, although not the substance of the 
world, undergo dissolution, and remain buried in chaos during his night, 
to be created anew when his day begins again ; the other taking place 
at the end of Brahma's life, when all matter even is resolved into its 
ultimate source. 

According to the commentary, the "hundred" in verse 21 means a hun- 
dred years, each composed of three hundred and sixty days and nights, 
and not a hundred days and nights only, as the text might be understood 
to signify ; since, in all statements respecting age, years are necessarily 
understood to be intended. The length of Brahma's life would be, 
then, 864,000,000,000 divine years, or 311,040,000,000,000 solar years. 
This period is also called in the Puranas a para, "extreme period," and 
its half a parardha (see Wilson's Vish. Pur. p. 25) ; although the latter 
term has obtained also an independent use, as signifying a period still 
more enormous (ibid. p. 630). It is curious that the commentator does 
not seem to recognize the affinity with this period of the expression 
used in the text, param ayuh, " extreme age," but gives two different 
explanations of it, both of which are forced and unnatural. 

The author of the work before us is modestly content with the number 
of years thus placed at his disposal, and attempts nothing farther. So 
is it also with the Puranas in general ; although some of them, as the 
Vishnu (Wilson, p. 637) assert that two of the greater par&rdkas con- 
stitute only a day of Vishnu, and others (ibid. p. 25) that Brahma's 
whole life is but a twinkling of the eye of Krshna or of Qiva. 

21. . . . The half of his life is past ; of the remainder, this is 
the first JEon. 

22. And of this JEon, six Patriarchs (manu) are past, with 
their respective twilights; and of the Patriarch Manu son of 
Vivasvant, twenty-seven Ages are past ; 

23. Of the present, the twenty-eighth, Age, this Golden Age 
is past : from this point, reckoning up the time, one should com- 
pute together the whole number. 

The designation of the part already elapsed of this immense period 
seems to be altogether arbitrary. It agrees in general with that given 
in the Puranas, and, so far as the Patriarchs and their periods are con- 
cerned, with Manu also. The name of the present -<Eon is V&raha, 
" that of the boar," because Brahma, in performing anew at its com- 
mencement the act of creation, put on the form of that animal (see 
Wilson's Vish. Pur. p. 27, etc.). The one preceding is called the Pddma, 
"that of the lotus." This nomenclature, however, is not universally 
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accepted : under the word kalpa, in the Lexicon of Bohtlingk and Roth, 
may be found another system of names for these periods. Manu (i. 61, 
62) gives the names of the Patriarchs of the past Patriarchates; the 
Puranas add other particulars respecting them, and also respecting those 
which are still to come (see Wilson's Vish. Pur. p. 259, etc.). 

The end of the Golden Age of the current Great Age is the time at 
which the Surya-Siddhanta claims to have been revealed, and the epoch 
from which its calculations profess to commence. We will, accordingly, 
as the Sun directs, compute the number of years which are supposed to 
have elapsed before that period. 

Divine years. Solar years. 

Dawn of current Mori, 4,8oo 1,728,000 

Six Patriarchates, 5,i4o,8oo i,85o,688,ooo 

Twenty-seven Great Ages, 324,000 116,640,000 

Total till commencement of present Great Age, 5,469,600 1,969,056,000 

Golden Age of present Great Age, 4,8oo 1,728,000 

Total time elapsed of current jEon, 5,474,4oo 1,970,784,000 

Half Brahma's life, 432,ooo,ooo,ooo i55,52o,ooo,ooo,ooo 

Total time elapsed from beginning of Brah- ) ,,_ c , , , , t . 5 „ „ „» / „ 

ma's Hfe to end of last Golden Age, \ 432,oo5,474,4oo , 55,52 1,970,784,000 

As the existing creation dates from the commencement of the current 
./Eon, the second of the above totals is the only one with which the 
Surya-Siddhanta henceforth has any thing to do. 

We are next informed that the present order of things virtually began 
at a period less distant than the commencement of the ^Eon. 

24. One hundred times four hundred and seventy -four divine 
years passed while the All- wise was employed in creating the 
animate and inanimate creation, plants, stars, gods, demons, and 
the rest. 

That is to say : 

Divine years. Solar years. 

From the total above given, 5,474,4oo 1,970,784,000 

deduct the time occupied in creation, 47,4°o 17,064,000 

the remainder is 5,427,000 1,953,720,000 

This, then, is the time elapsed from the true commencement of the ex- 
isting order of things to the epoch of this work. The deduction of this 
period as spent by the Deity in the work of creation is a peculiar feature 
of the Surya-Siddhanta. We shall revert to it later (see below, under 
vv. 29-34), as its significance cannot be shown until other data are 
before us. 

25. The planets, moving westward with exceeding velocity, 
but constantly beaten by the asterisms, fall behind, at a rate 
precisely equal, proceeding each in its own path. 

26. Hence they have an eastward motion. From the number 
of their revolutions is derived their daily motion, which is dif- 
ferent according to the size of their orbits ; in proportion to this 
daily motion they pass through the asterisms. 
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27. One which moves swiftly passes through them in a short 
time ; one which moves slowly, in a long time. By their move- 
ment, the revolution is accounted complete at the end of the 
asterism Revati. 

We have here presented a part of the physical theory of the planetary 
motions, that which accounts for the mean motions : the theory is sup- 
plemented by the explanation given in the next chapter of the disturbing 
forces which give rise to the irregularities of movement. The earth is a 
sphere, and sustained immovable in the centre of the universe (xii. 32), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. 3), revolve about it from east to west. In this general west- 
ward movement, the planets, as the commentary explains it, are, owing 
to their weight and the weakness of their vortices, beaten by the aster- 
isms (nakshatra or bha, the groups of stars constituting the lunar man- 
sions [see below, chapter viiij, and used here, as in various other places, 
to designate the whole firmament of fixed stars), and accordingly fall 
behind (lambante=labuntur, delabuntur), as if from shame : and this is 
the explanation of their eastward motion, which is only apparent and rela- 
tive, although wont to be regarded as real by those who do not under- 
stand the true causes of things. But now a new element is introduced 
into the theory, which does not seem entirely consistent with this view of 
the merely relative character of the eastward motion. It is asserted that 
the planets lag behind equally, or that each, moving in its own orbit, 
loses an equal amount daily, as compared with the asterisms. And we 
shall find farther on (xii. 73-89) that the dimensions of the planetary 
orbits are constructed upon this sole principle, of making the mean daily 
motion of each planet eastward to be the same in amount, namely 
11,858.717 yqjanas : the amount of westward motion being equal, in 
each case, to the difference between this amount and the whole orbit of 
the planet. Now if the Hindu idea of the symmetry and harmony of the 
universe demanded that the movements of the planets should be equal, it 
was certainly a very awkward and unsatisfactory way of complying with 
that demand to make the relative motions alone, as compared with the 
fixed stars, equal, and the real motions so vastly different from one an- 
other. We should rather expect that some method would have been de- 
vised for making the latter come out alike, and the former unlike, and the 
result of differences in the weights of the planets and the forces of the 
impelling currents. It looks as if this principle, and the conformity to it 
of the dimensions of the orbits, might have come from those who regarded 
the apparent daily motion as the real motion. But we know that Arya- 
bhatta held the opinion that the earth revolved upon its axis, causing 
thereby the apparent westward motion of the heavenly bodies (see Cole- 
brooke's Hindu Algebra, p. xxxviii ; Essays, ii. 467), and so, of course, 
that the planets really moved eastward at an equal rate among the stars ; 
and although the later astronomers are nearly unanimous against him, 
we cannot help surmising that the theory of the planetary orbits ema- 
nated from him or his school, or from some other of like opinion. It is 
not upon record, so far as we are aware, that any Hindu astronomer, of 
any period, held, as did some of the Greek philosophers (see Whewell's 
History of the Inductive Sciences, B. V. ch. i), a heliocentric theory. 
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The absolute motion eastward of all the planets being equal, their 
apparent motion is, of course, in the (inverse) ratio of their distance, or 
of the dimensions of their orbits. 

The word translated "revolution" is bhagana, literally "troop of aster- 
isms ;" the verbal root translated " pass through " is bhuj, " enjoy," from 
which comes also the common term for the daily motion of a planet, 
Ihukti, literally " enjoyment." When a planet has " enjoyed the whole 
troop of asterisms," it has made a complete revolution. 

The initial point of the fixed Hindu sphere, from which longitudes are 
reckoned, and at which the planetary motions are held by all the schools 
of Hindu astronomy to have commenced at the creation, is the end of 
the asterism Revati, or the beginning of Acvini (see chapter viii. for a 
full account of the asterisms). Its situation is most nearly marked by 
that of the principal star of Revati, which, according to the Surya- 
Siddhanta, is 10' to the west of it, but according to other authorities 
exactly coincides with it. That star is by all authorities identified with 
£ Piscium, of which the longitude at present, as reckoned by us, from the 
vernal equinox, is 17° 54'. Making due allowance for the precession, we 
find that it coincided in position with the vernal equinox not far from the 
middle of the sixth century, or about A. D. 570. As such coincidence 
was the occasion of the point being fixed upon as the beginning of the 
sphere, the time of its occurrence marks approximately the era of the 
fixation of the sphere, and of the commencement of the history of modern 
Hindu astronomy. We say approximately only, because, in the first 
place, as will be shown in connection with the eighth chapter, the accu- 
racy of the Hindu observations is not to be relied upon within a degree ; 
and, in the second place, the limits of the asterisms being already long 
before fixed, it was necessary to take the beginning of some one of them 
as that of the sphere, and the Hindus may have regarded that of A§vini 
as sufficiently near to the equinox for their purpose, when it was, in fact, 
two or three degrees, or yet more, remote from it, on either side ; and 
each degree of removal would correspond to a difference in time of about 
seventy years. 

In the most ancient recorded lists of the Hindu asterisms (in the texts 
of the Black Yajur-Veda and of the Atharva-Veda), Krttika, now the 
third, appears as the first. The time when the beginning of that aster- 
ism coincided with the vernal equinox would be nearly two thousand 
years earlier than that given above for the coincidence with it of the first 
point of Acvint. 

28. Sixty seconds (vikald) make a minute {hald) ; sixty of 
these, a degree (bhdga) ; of thirty of the latter is composed a 
sign (rdgt) ; twelve of these are a revolution {bhagavM). 

The Hindu divisions of the circle are thus seen to be the same with 
the Greek and with our own, and we shall accordingly make use, in 
translating, of our own familiar terms. Of the second (vikala) very little 
practical use is made ; it is not more than two or three times alluded to 
in all the rest of the treatise. The minute (Jcald) is much more often 
called lipta (or liptika) ; this is not an original Sanskrit word, but was 
borrowed from the Greek %uttov. The degree is called either bhdga or 
anpa; both words, like the equivalent Greek word /twpo, mean a. "part, 
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portion." The proper signification of r&fi, translated " sign," is simply 
" heap, quantity ;" it is doubtless applied to designate a sign as being a 
certain number, or sum, of degrees, analogous to the use of gana in 
bhagana (explained above, in the last note), and of r&fi itself in dinar&fi, 
"sum of days" (below, v. 53). In the Hindu description of an arc, the 
sign is as essential an element as the degree, and no arcs of greater length 
than thirty degrees are reckoned in degrees alone, as we are accustomed 
to reckon them. The Greek usage was the same. We shall hereafter 
see that the signs into which any circle of revolution is divided are named 
Aries, Taurus, etc., beginning from the point which is regarded as the 
starting point ; so that these names are applied simply to indicate the 
order of succession of the arcs of thirty degrees. 

29. In an Age (yvga), the revolutions of the sun, Mercury, 
and Venus, and of the conjunctions (gtghrd) of Mars, Saturn, 
and Jupiter, moving eastward, are four million, three hundred 
and twenty thousand ; 

30. Of the moon, fifty-seven million, seven hundred and fifty- 
three thousand, three hundred and thirty-six; of Mars, two 
million, two hundred and ninety-six thousand, eight hundred 
and thirty -two ; 

31. Of Mercury's conjunction (gighra), seventeen million, nine 
hundred and thirty-seven thousand, and sixty ; of Jupiter, three 
hundred and sixty -four thousand, two hundred and twenty ; 

32. Of Venus's conjunction (gighra), seven million, twenty-two 
thousand, three hundred and seventy -six ; of Saturn, one hun- 
dred and forty -six thousand, five hundred and sixty-eight ; 

33. Of the moon's apsis (ucca), in an Age, four hundred and 
eighty-eight thousand, two hundred and three ; of its node (pdta), 
in the contrary direction, two hundred and thirty-two thousand, 
two hundred and thirty-eight ; 

34. Of the asterisms, one billion, five hundred and eighty-two 
million, two hundred and thirty-seven thousand, eight hundred 
and twenty-eight .... 

These are the fundamental and most important elements upon which 
is founded the astronomical system of the Surya-Siddh&nta. We present 
them below in a tabular form, but must first explain the character of 
some of them, especially of some of those contained in verse 29, which 
we have omitted from the table. 

The revolutions of the sun, and of Mars, Jupiter, and Saturn, require 
no remark, save the obvious one that those of the sun are in fact sidereal 
revolutions of the earth about the sun. To the sidereal revolutions of 
the moon we add also her synodical revolutions, anticipated from the next 
following passage (see v. 35). By the moon's "apsis" is to be under- 
stood her apogee ; ucca is literally " height," i. e. " extreme distance :" 
the commentary explains it by mandocca, " apex of slowest motion :" as 
the same word is used to designate the aphelia of the planets, we were 
obliged to take in translating it the indifferent term apsis, which applies 
equally to both geocentric and heliocentric motion. The "node" is the 
ascending node (see ii. 7) ; the dual "nodes" is never employed in this 
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work. But the apparent motions of the planets are greatly complicated 
by the fact, unknown to the Greek and the Hindu, that they are revolv- 
ing about a centre about which the earth also is revolving. When any 
planet is on the opposite side of the sun from us, and is accordingly mov- 
ing in space in a direction contrary to ours, the effect of our change of 
place is to increase the rate of its apparent change of place ; again, when 
it is upon our side of the sun, and moving in the same direction with us, 
the effect of our motion is to retard its apparent motion, and even to 
cause it to seem to retrograde. This explains the " revolutions of the 
conjunction" of the three superior planets : their " conjunctions" revolve 
at the same rate with the earth, being always upon the opposite side of 
the sun from us; and when, by the combination of its own proper 
motion with that of its conjunction, the planet gets into the latter, its 
rate of apparent motion is greatest, becoming less in proportion as it 
removes from that position. The meaning of the word which we have 
translated " conjunction " is " swift, rapid : " a literal rendering of it 
would be " swift-point," or " apex of swiftest motion ;" but, after 
much deliberation, and persevering trial of more than one term, we have 
concluded that " conjunction " was the least exceptionable word by 
which we could express it. In the case of the inferior planets, the 
revolution of the conjunction takes the place of the proper motion of 
the planet itself. By the definition given in verse 27, a planet must, in 
order to complete a revolution, pass through the whole zodiac; this 
Mercury and Venus are only able to do as they accompany the sun in 
his apparent annual revolution about the earth. To the Hindus, too, 
who had no idea of their proper movement about the sun, the annual 
motion must have seemed the principal one ; and that by virtue of which, 
in their progress through the zodiac, they moved now faster and now 
slower, must have appeared only of secondary importance. The term 
" conjunction," as used in reference to these planets, must be restricted, 
of course, to the superior conjunction. The physical theories by which 
the effect of the conjunction (fighra) is explained, are given in the next 
chapter. In the table that follows we have placed opposite each planet 
its own proper revolutions only. 

It is farther to be observed that all the numbers of revolutions, ex- 
cepting those of the moon's apsis and node, are divisible by four, so 
that, properly speaking, a quarter of an Age, or 1,080,000 years, rather 
than a whole Age, is their common period. This is a point of so much 
importance in the system of the Surya-Siddhanta, that we have added, 
in a second column, the number of revolutions in the lesser period. 

In the third column, we add the period of revolution of each planet, 
as found by dividing by the number of revolutions of each the number 
of civil days in an Age (which is equal to the number of sidereal days, 
given in v. 34, diminished by the number of revolutions of the sun ; see 
below, v. 37); they are expressed in days, nadts, vinadls, and respira- 
tions ; the latter may be converted into sexagesimals of the third order 
by moving the decimal point one place farther to the right. 

In the fourth column are given the mean daily motions. 

We shall present later some comparison of these elements with those 
adopted in other systems of astronomy, ancient and modern. 
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Mean Motions of the Planets. 



Planet. 


Number of 
revolutions in 

4,320,000 years. 


Number of 
revolutions in 

1,080,000 years. 


Length of a revolution 
in mean solar time. 


Mean daily motion. 


Sun, 


4,320,000 


1,080,000 


d n v p 

365 i5 3i 3.i4 


59 8 10 10.4 


Mercury, 


17,937,060 


4,484,265 


87 58 10 5.57 


4 5 32 20 4'-9 


Venus, 


7,022,376 


1,755,594 


224 4i 54 5.o6 


, 1 36 7 43 37.3 


Mars, 


2,296,832 


574,208 


686 59 5o 5.87 


3i 26 28 11. 1 


Jupiter, 


364,220 


91,055 


4,332 19 i4 2.09 


4 59 8 48.6 


Saturn, 


146,568 


36,642 


10,765 46 23 0.41 


2 22 53.4 


Moon: 










eider, rev. 


57,753,336 


i4,438,334 


27 19 18 0.16 


i3 10 34 52 3.8 


synod, rev. 


53,433,336 


i3,358,334 


29 3 1 5o 0.70 


12 11 26 41 53.4 


rev. of apsis, 


488,2o3 


I22,o5of 


3,232 5 37 i.36 


6 4o 58 42.5 


" " node, 


232,238 


58,o59^ 


6,794 23 59 2.35 


3 io 44 43.2 



The arbitrary and artificial method in which the fundamental ele- 
ments of the solar system are here presented is not peculiar to the 
Surya-Siddhanta ; it is also adopted by all the other text-books, and is 
to be regarded as a characteristic feature of the general astronomical 
system of the Hindus. Instead of deducing the rate of motion of each 
planet from at least two recorded observations of its place, and estab- 
lishing a genuine epoch, with the ascertained position of each at that 
time, they start with the assumption that, at the beginning of the 
present order of things, all the planets, with their apsides and nodes, 
commenced their movement together at that point in the heavens (near 
£ Piscium, as explained above, under verse 2*7) fixed upon as the initial 
point of the sidereal sphere, and that they return, at certain fixed inter- 
vals, to a - universal conjunction at the same point. As regards, however, 
the time when the motion commenced, the frequency of recurrence 
of the conjunction, and the date of that which last took place, there is 
discordance among the different authorities. With the Surya-Sid- 
dhanta, and the other treatises which adopt the same general method, 
the determining point of the whole system is the commencement of the 
current Iron Age (kali yuga) ; at that epoch the planets are assumed to 
have been in mean conjunction for the last time at the initial point of 
the sphere, the former conjunctions having taken place at intervals of 
1,080,000 years previous. The instant at which the Age is made to 
commence is midnight on the meridian of Ujjayini (see below, under v. 
62), at the end of the 588,465th and beginning of the 588,466th day 
(civil reckoning) of the Julian Period, or between the 17th and 18th of 
February 1612 J.P., or 3102 B. C. (see below, under vv. 45-53, for the 
computation of the number of days since elapsed). Now, although no 
such conjunction as that assumed by the Hindu astronomers ever did 
or ever will take place, the planets were actually, at the time stated, 
approximating somewhat nearly to a general conjunction in the neigh- 
borhood of the initial point of the Hindu sphere ; this is shown by the 
next table, in which we give their actual mean positions with reference 
to that point (including also those of the moon's apogee and node) ; 
they have been obligingly furnished us by Prof. Winlock, Superin- 
voi.. vj. 21 
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tendent of the American Ephemeris and Nautical Almanac. The posi- 
tions of the primary planets are obtained by LeVerrier's times of side- 
real revolution, given in the Annales de 1'Observatoire, torn, ii (also in 
Biot's Astronomie, 3 me edition, torn, v, 1857), that of the moon by 
Peirce's tables, and those of its apogee and node by Hansen's Tables de 
la Lune. The origin of the Hindu sphere is regarded as being 18" 5' 
8" east of the vernal equinox of Jan. 1, 1860, and 50° 22' 29" west of 
that of Feb. 17, 3102 B. C, the precession in the interval being 68° 27' 
37". We add, in a second column, the mean longitudes, as reckoned 
from the vernal equinox of the given date, for the sake of comparison 
with the similar data given by Bentley (Hind. Ast., p. 125) and by 
Bailly(Ast. Ind. et Or., pp. Ill, 182), which we also subjoin. 

Positions of the Planets, midnight, at Ujjayini, Feb. 17-18, 3102 B. C. 



Planet. 


From beginning 
of Hindu sphere. 


Longitude. 


Bentley, 


Bailly. 


Sun, 


- 7 5i 48 


a / n 

3oi 45 43 


3oi I 1 


3oi 5 57 


Mercury, 


- 4i 3 26 


268 34 5 


267 35 26 


261 14 21 


Venus, 


+ 24 58 59 


334 36 3o 


333 44 37 


334 22 18 


Mars, 


- 19 49 26 


289 48 5 


288 55 19 


288 55 56 


Jupiter, 


+ 8 38 36 


3i8 16 7 


3i8 3 54 


3io 22 10 


Saturn, 


- 28 1 i3 


281 36 18 


280 1 58 


293 8 21 


Moon, 


- 1 33 41 


3o8 3 5o 


3o6 53 42 


3oo 5i 16 


do. apsis, 


+ 95 19 21 


44 56 42 


61 12 26 


61 i3 33 


do. node, 


+198 24 45 


i48 2 16 


i44 38 32 


i44 37 41 



The want of agreement between the results of the three different in- 
vestigations illustrates the difficulty and uncertainty even yet attending 
inquiries into the positions of the heavenly bodies at so remote an 
epoch. It is very possible that the calculations of the astronomers who 
were the framers of the Hindu system may have led them to suppose 
the approach to a conjunction nearer than it actually was ; but, however 
that may be, it seems hardly to admit of a doubt that the epoch was 
arrived at by astronomical calculation carried backward, and that it was 
fixed upon as the date of the last general conjunction, and made to 
determine the commencement of the present Age of the world, because 
the errors of the assumed positions of the planets at that time would 
be so small, and the number of years since elapsed so great, as to make 
the errors in the mean motions into which those positions entered as 
an element only trifling in amount. 

The moon's apsis and node, however, were treated in a different 
manner. Their distance from the initial point of the sphere, as shown 
by the table, was too great to be disregarded. They were accordingly 
ingly exempted from the general law of a conjunction once in 1,080,000 
years, and such a number of revolutions was assigned to them as should 
make their positions at the epoch come out, the one a quadrant, the 
other a half-revolution, in advance of the initial point of the sphere. 

We can now see why the deduction spoken of above (v. 24), for time 
spent in creation, needed to be made. In order to bring all the planets 
to a position of mean conjunction at the epoch, the time previously 
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elapsed must be an exact multiple of the lesser period of 1,080,000 years, 
or the quarter- Age ; in order to give its proper position to the moon's 
apsis, that time must contain a certain number of whole Ages, -which, 
are the periods of conjunction of the latter with the planets, together 
with a remainder of three quarter- Ages ; for the moon's node, in like 
manner, it must contain a certain number of half-Ages, with a remainder 
of one quarter- Age. Now the whole number of years elapsed between the 
beginning of the ^Eon and that of the current Iron Age is equal to 1826 
quarter-Ages, with an odd surplus of 864,000 years : from it subtract 
an amount of time which shall contain this surplus, together with three, 
seven, eleven, fifteen, or the like (any number exceeding by three a mul- 
tiple of four), quarter-Ages, and the remainder will fulfil the conditions 
of the problem. The deduction actually made is of fifteen periods + 
the surplus. 

This deduction is a clear indication that, as remarked above (under 
v. 17), the astronomical system was compelled to adapt itself to an 
already established Puranic chronology. It could, indeed, fix the pre- 
viously undetermined epoch of the commencement of the Iron Age, but 
it could not alter the arrangement of the preceding periods. 

It is evident that, with whatever accuracy the mean positions of the 
planets may, at a given time, be ascertained by observation by the 
Hindu astronomers, their false assumption of a conjunction at the epoch 
of 3102 B. C. must introduce an element of error into their determina- 
tion of the planetary motions. The annual amount of that error may 
indeed be small, owing to the remoteness of the epoch, and the great 
number of years among which the errors of assumed position are divi- 
ded, yet it must in time grow to an amount not to be ignored or neglect- 
ed even by observers so inaccurate, and theorists so unscrupulous, as the 
Hindus. This is actually the case with the elements of the Surya-Sid- 
dhanta; the positions of the planets, as calculated by them for the 
present time, are in some cases nearly 9° from the true places. The 
later astronomers of India, however, have known how to deal with such 
difficulties without abrogating their ancient text-books. As the Surya- 
Siddhanta is at present employed in astronomical calculations, there are 
introduced into its planetary elements certain corrections,- called bija 
(more properly vlja ; the word means literally " seed" ; we do not know 
how it arrived at its present significations in the mathematical language). 
That this was so, was known to Davis (As. Res., ii. 236), but he was 
unable to state the amount of the corrections, excepting in the case of 
the moon's apsis and node (ibid., p. 275). Bentley (Hind. Ast., p. 17&) 
gives them in full, and upon his authority we present them in the 
annexed table. They are in the form, it will be noticed, of additions to, 
or subtractions from, the number of revolutions given for an Age, and 
the numbers are all divisible by four, in order not to interfere with the 
calculation by the lesser period of 1,080,000 years. We have added 
the corrected number of revolutions, for both the greater and lesser 
period, the corrected time of revolution, expressed in Hindu divisions of 
the day, and the corrected amount of mean daily motion. 

These corrections were first applied, according to Mr. Bentley (As. 
Res., viii. 220), about the beginning of the sixteenth century ; they are 
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presented by several treatises of that as well as of later date, not having 
been yet superseded by others intended to secure yet greater correctness. 

Mean Motions of the Planets as corrected by the bija. 



1 


Corrected number of revolu- 






Planet. 


Correc- 


tions 


Corrected 


Corrected 


tion. 


in 4,320,000 


in 1,080,000 


time of revolution. 


daily motion. 






year*. 


yearn. 






Sun, 


O 


4,320,000 


1,080,000 


d n v p 
355 i5 3t 3.i4 


59 8 10 10.4 


Mercury, 


- 16 


17,937,044 


4,484,261 


87 58 n 1.26 


4 5 32 19 54.5 


Venus, 


- 12 


7,022,364 


1,755,591 


224 4i 56 i.35 


i 36 7 43 1.8 


Mars, 





2,296,832 


574,208 


686 59 5o 5.87 


3i 26 28 11. 1 


Jupiter, 


- 8 


364,212 


9I,o53 


4,332 24 56 5.56 


4 59 8 24.9 


Saturn, 


+ 12 


i46,58o 


36,645 


10,764 53 3o 1.1 1 


2 23 28.9 


Moon, 


o 


57,753,336 


i4,438,334 


27 19 18 0.16 


i3 10 34 52 3.8 


" apsis, 


- 4\ 488,199 


122,049! 


3,232 7 12 3.37 


6 4o 58 30.7 


" node. 


+ 4 1 232,242 


58,o6o| 


6,794 16 58 0.66 


3 10 44 55.o 



We need not, however, rely on external testimony alone for informa- 
tion as to the period when this correction was made. If the attempt to 
modify the elements in such a manner as to make them give the true 
positions of the planets at the time when they were so modified was in 
any tolerable degree successful, we ought to be able to discover by cal- 
culation the date of the alteration. If we ascertain for any given time 
the positions of the planets as given by the system, and compare them 
with the true positions as found by our best modern methods, and if we 
then divide the differences of position by the differences in the mean 
motions, we shall discover, in each separate case, when the error was or 
will be reduced to nothing. The results of such a calculation, made for 
Jan. 1, 1860, are given below, under v. 67. We see there that, if regard 
is had only to the absolute errors in the positions of the planets, no con- 
clusion of value can be arrived at ; the discrepancies between the dates 
of no error are altogether too great to allow of their being regarded as 
indicating any definite epoch of correction. If, on the other hand, we 
assume the place of the sun to have been the standard by which the 
positions of the other planets were tested, the dates of no error are seen 
to point quite distinctly to the first half of the sixteenth century as the 
time of the correction, their mean being A. D. 1541. Upon this as- 
sumption, also, we see why no correction of bija was applied to Mars or 
to the moon: the former had, at the given time, only just passed his 
time of complete accordance with the sun, and the motion of the moon 
was also already so closely adjusted to that of the sun, that the differ- 
ence between their errors of position is even now less than 10'. Nor 
is there any other supposition which will explain why the serious error 
in the position of the sun himself was overlooked at the time of the 
general correction, and why, by that correction, the absolute errors of 
position of more than one of the planets are made greater than they 
would otherwise have been, as is the case. It is, in short, clearly evident 
that the alteration of the elements of the Surya-Siddhanta which was 
effected early in the sixteenth century, was an adaptation of the errors 
of position of the other planets to that of the sun, assumed to be cor- 
rect and regarded as the standard. 
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Now if it is possible by this method to arrive approximately at the 
date of a correction applied to the elements of a Siddhanta, it should 
be possible in like manner to arrive at the date of those elements them- 
selves. For, owing to the false assumption of position at the epoch, 
there is but one point of time at which any of the periods of revolution 
will give the true place of its planet : if, then, as is to be presumed, the 
true places were nearly determined when any treatise was composed, 
and were made to enter as an element into the construction of its 
system, the comparison of the dates of no error will point to the epoch of 
its composition. The method, indeed, as is well known to all those who 
have made any studies in the history of Hindu astronomy, has already 
been applied to this purpose, by Mr. Bentley. It was first originated 
and put forth by him (in vol. vi. of the Asiatic Researches) at a time 
when the false estimate of the age and value of the Hindu astronomy 
presented by Bailly was still the prevailing one in Europe ; he strenu- 
ously defended it against more than one attack (As. Res., viii, and Hind. 
Ast), and finally employed it very extensively in his volume on the 
History of Hindu Astronomy, as a means of determining the age of the 
different Siddhantas. We present below the table from which, in the 
latter work (p. 126), he deduces the age of the Surya-Siddhanta; the 
column of approximate dates of no error we have ourselves added. 

Bentley's Table of Errors in the Positions of the Planets, as calculated, 
for successive periods, according to the Surya- Siddhanta. 





Iron Age 0, 
B. C. 3102. 


I. A. 1000, 


I. A. 2C0D, I. A. 3000, 


I. A. 3639, 


I. A. 4192, 


When 




B. c. 2102. 


B. O. 1102. 


B. C. 102. 


A. D. 538. 


A. D. 1091. 


correct 


Mercury, 


+33 a5 35 


+25 9 52 


+16 54 9 


O ill 

+8 38 26 


+3 21 4o 


-I 12 28 


A. D. 

945 


Venus, 


-3a 43 36 


-24 37 3 1 


-16 3l 26 


-8 25 21 


-3 14 45 


+ 1 14 3 


9 3 9 


Mars, 


+12 5 42 


+ 9 26 32 


+ 6 47 22 


+4 8 12 


+2 26 3o 


+0 58 29 


i458 


Jupiter, 


-17 2 53 


-12 44 16 


- 8 25 3 9 


-4 7 2 


-I 21 4" 


+0 41 14 


906 


Saturn, 


+20 59 3 


+i5 43 20 


+10 27 37 


+5 11 54+1 5o 10 


-1 4 25 


887 


Moon, 


- 5 52 4< 


- 3 5o 48 


- 2 9 17 


-0 52 33:-o 18 3o 


-0 11 


1097 


" apsis, 


-3o 11 25 


_23 9 36 


-16 7 47 


-9 5 58-4 36 26 


-0 43 10 


1 193 


" node, 


+23 37 3 1 


+17 59 21 


+12 3l II 


+7 3 i+3 33 19 


+0 3i 5o 


1188 



From an average of the results thus obtained, Bentley draws the con- 
clusion that the Surya-Siddhanta dates from the latter part of the elev- 
enth century, or, more exactly, A. D. 1091. 

The general soundness of Bentley's method will, we apprehend, be 
denied at the present time by few, and he is certainly entitled to not s 
little credit for his ingenuity in devising it, for the persevering industry 
shown in its application, and for the zeal and boldness with which he 
propounded and defended it. He succeeded in throwing not a little 
light upon an obscure and misapprehended subject, and his investiga- 
tions have contributed very essentially to our present understanding of 
the Hindu systems of astronomy. But the details of his work are not 
to be accepted without careful testing, and his general conclusions are 
often unsound, and require essential modification, or are to be rejected 
altogether. This we will attempt to show in connection with his treat- 
ment of the Surya-Siddhanta. 
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In the first place, Bentley has made a very serious error in that part 
of his calculations which concerns the planet Mercury. As that planet 
was, at the epoch, many degrees behind its assumed place, it was neces- 
sary, of course, to assign to it a slower than its true rate of motion. 
But the rate actually given it by the text is not quite enough slower, 
and, instead of exhausting the original error of position in the tenth 
century of our era, as stated by Bentley, would not so dispose of it for 
many hundred years yet to come. Hence the correction of the bija, as 
reported by Bentley himself, instead of giving to Mercury, as to all the 
rest, a more correct rate of motion, is made to have the contrary effect, 
in order the sooner to run out the original error of assumed position, 
and produce a coincidence between the calculated and the true places of 
the planet. 

In the case of the other planets, the times of no error found by 
Bentley agree pretty nearly with those which we have ourselves ob- 
tained, both by calculating backward from the errors of A. D. 1860, 
and by calculating downward from those of B. C. 3102, and which are 
presented in the table given under verse 67. Upon comparing the two 
tables, however, it will be seen at once that Bentley's conclusions are 
drawn, not from the sidereal errors of position of the planets, but from 
the errors of their positions as compared with that of the sun, and that 
of the sun's own error he makes no account at all. This is a method of 
procedure which certainly requires a much fuller explanation and justifi- 
cation than he has seen fit anywhere to give of it. The Hindu sphere 
is a sidereal one, and in no wise bound to the movement of the sun. 
The sun, like the other planets, was not in the position assumed for him 
at the epoch of 3102 B. C, and consequently the rate of motion 
assigned to him by the system is palpably different from the real one : 
the sidereal year is about three minutes and a half too long. Why then 
should the sun's error be ignored, and the sidereal motions of the other 
planets considered only with reference to the incorrect rate of motion 
established for him ? It is evident that Bentley ought to have taken 
fully into consideration the sun's position also, and to have shown either 
that it gave a like result with those obtained from the other planets, or, 
if not, what was the reason of the discrepancy. By failing to do so, he 
has, in our opinion, omitted the most fundamental datum of the whole 
calculation, and the one which leads to the most important conclusions. 
We have seen, in treating of the bija, that it has been the aim of the 
modern Hindu astronomers, leaving the sun's error untouched, to amend 
those of the other planets to an accordance with it. Now* as things 
are wont to be managed in the Hindu literature, it would be no matter 
for surprise if such corrections were incorporated into the text itself: 
had not the Surya-Siddh&nta been, at the beginning of the sixteenth 
century, so widely distributed, and its data so universally known, and 
had not the Hindu science outlived already that growing and productive 
period of its history when a school of astronomy might put forth a cor- 
rected text of an ancient authority, and expect to see it make its way 
to general acceptance, crowding out, and finally causing to disappear, 
the older version — such a process of alteration might, in our view, have 
passed upon it, and such a text might have been handed down to our 
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time as Bentley would have pronounced, upon internal evidence, to have 
been composed early in the sixteenth century; while, nevertheless, the 
original error of the sun would remain, untouched and increasing, to in- 
dicate what was the true state of the case. 

But what is the actual position of things with regard to our Sid- 
dhanta ? We find that it presents us a set of planetary elements, which, 
when tested by the errors of position, in the manner already explained, 
do not appear to have been constructed so as to give the true sidereal 
positions at any assignable epoch, but which, on the other hand, exhibit 
evidences of an attempt to bring the places of the other planets into an 
accordance with that of the sun, made sometime in the tenth or eleventh 
century — the precise time is very doubtful, the discrepancies of the 
times of no error being far too great to give a certain result. Now it is 
as certain as anything in the history of Sanskrit literature can be, that 
there was a Surya-Siddhanta in existence long before that date ; there 
is also evidence in the references and citations of other astronomical 
works (see Colebrooke, Essays, ii. 484 ; Hind. Alg., p. 1) that there have 
been more versions than one of a treatise bearing the title ; and we have 
seen above, in verse 9, a not very obscure intimation that the present 
work does not present precisely the same elements which had been ac- 
cepted formerly as those of the Surya-Siddhanta. What can lie nearer, 
then, than to suppose that in the tenth or eleventh century a correction 
of bija was calculated for application to the elements of the Siddhanta, 
and was then incorporated into the text, by the easy alteration of four 
or five of its verses ; and accordingly, that while the comparative errors 
of the other planets betray the date of the correction, the absolute error 
of the sun indicates approximately the true date of the treatise ? 

In our table, the time of no error of the sun is given as A. D. 250. 
The correctness of this date, however, is not to be too strongly insisted 
upon, being dependent upon the correctness with which the sun's place 
was first determined, and then referred to the point assumed as the 
origin of the sphere. It was, of course, impossible to observe directly 
when the sun's centre, by his mean motion, was 10' east of £ Piscium, 
and there are grave errors in the determination by the Hindus of the 
distances from that point of the other points fixed by them in their 
zodiac. And a mistake of 1° in the determination of the sun's place 
would occasion a difference of 425 years in the resulting date of no 
error. We shall have occasion to recur to this subject in connection 
with the eighth chapter. 

There is also an alternative supposition to that which we have made 
above, respecting the conclusion from the date of no error of the sun. 
If the error in the sun's motion were a fundamental feature of the whole 
Hindu system, appearing alike in all the different text-books of the 
science, that date would point to the origin rather of the whole system 
than of any treatise which might exhibit it. But although the different 
Siddhantas nearly agree with one another respecting the length of the 
sidereal year, they do not entirely accord, as is made evident by the 
following statement, in which are included all the authorities to which 
we have access, either in the original, or as reported by Colebrooke, 
Bentley, and Warren : 
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P. 


Authority. 


Length of sidereal year. 


Error. 


Surya-Siddhanta, 


365d 6h !2">36».56 


+ 3m 


25s.8i 


Pauhja-Siddhanta, 


365 6 12 36 


+ 3 


25.25 


Paracara-Siddhanta, 


365 6 12 3i.5o 


+ 3 


20.75 


Arya-Siddhanta, 


365 6 i2 3o.84 


+ 3 


20.09 


Laghu- Arya-Siddhanta, 


365 6 12 3o 


+ 3 


19.25 


Siddhanta-Qiromani, 


365 6 12 9 


+ * 


58.25 



The first five of these might be regarded as unimportant variations 
of the same error, but it would seem that the last is an independent de- 
termination, and one of later date than the others ; while, if all are 
independent, that of the Surya-Siddhanta has the appearance of being 
the most ancient. Such questions as these, however, are not to be too 
hastily decided, nor from single indications merely ; they demand the 
most thorough investigation of each different treatise, and the careful 
collection of all the evidence which can be brought to bear upon them. 

Here lies Bentley's chief error. He relied solely upon his method of 
examining the elements, applying even that, as we have seen, only par- 
tially and uncritically, and never allowing his results to be controlled 
or corrected by evidence of any other character. He had, in fact, no 
philology, and he was deficient in sound critical judgment. He thor- 
oughly misapprehended the character of the Hindu astronomical litera- 
ture, thinking it to be, in the main, a mass of forgeries framed for the 
purpose of deceiving the world respecting the antiquity of the Hindu 
people. Many of his most confident conclusions have already been 
overthrown by evidence of which not even he would venture to question 
the verity, and we are persuaded that but little of his work would stand 
the test of a thorough examination. 

The annexed table presents a comparison of the times of mean side- 
real revolution of the planets assumed by the Hindu astronomy, as rep- 
resented by two of its principal text-books, with those adopted by the 
great Greek astronomer, and those which modern science has established. 
The latter are, for the primary planets, from Le Verrier ; for the moon, 
from Nichol (Cyclopedia of the Physical Sciences, London : 1857). 
Those of Ptolemy are deduced from the mean daily rates of motion in 
longitude given by him in the Syntaxis, allowing for the movement of 
the equinox according to the false rate adopted by him, of 36" yearly. 

Comparative Table of the Sidereal Revolutions of tlie Planets. 



Planet. 


Surya-Siddhanta. 


Siddhanta-fjiromani 


Ptolemy. 


Moderns. 




d h m s 


d h m s 


d h m s 


d h m s 


Sun, 


365 612 36.6 


365 6 12 9.0 


365 36 948.6 


365 6 9 10.8 


Mercury, 


87 23 16 22.3 


87 23 16 4i-5 


87 23 16 42-9 


87 23 i5 43-9 


Venus, 


224 16 45 56.2 


224 16 45 1.9 


224 16 5t 56.8 


224 16 49 80 


Mars, 


686 23 56 23.5 


686 23 57 1.5 


686 23 3 1 56.i 


686 23 3o4M 


Jupiter, 


4,332 7 4i44.4 


4,332 5 45 43.7 


4,332 18 9 io.5 


4,332 14 2 8.6 


Saturn, 


10,765 18 33 i3.6 


10,765 19 33 56.5 


10,758 17 48 i4-9 


10,759 5 l6 32.2 


Moon: 










sid. rev. 


27 7 43 1 2.6 


27 7 43 12.1 


27 7 43 12.1 


27 7 43 1 1 .4 


synod, rev. 


29 12 44 2.8 


29 12 44 2.3 


29 12 44 3.3 


29 12 44 2.9 


rev. of apsis, 


3,232 2 14 53.4 


3,232 17 37 6.0 


3,232 9 5? 1 3.6 


3,232 i3 48 29.6 


" " node, 


6,794 93545.4 


6,792 6 5 4i-9 


6,799 »3 18 39.4 


6,798 6 41 45.6 
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In the additional notes at the end of the work, we shall revert to the 
subject of these data, and of the light thrown by them upon the origin 
and age of the system. 

34 The number of risings of the asterisms, diminished by 

the number of the revolutions of each planet respectively, gives 
the number of risings of the planets in an Age. 

35. The number of lunar months is the difference between the 
number of revolutions of the sun and of the moon. If from it 
the number of solar months be subtracted, the remainder is the 
number of intercalary months. 

36. Take the civil days from the lunar, the remainder is the 
number of omitted lunar days (tithikshaya). From rising to 
rising of the sun are reckoned terrestrial civil days ; 

37. Of these there are, in an Age, one billion, five hundred 
and seventy-seven million, nine hundred and seventeen thousand, 
eight hundred and twenty-eight ; of lunar days, one billion, six 
hundred and three million, and eighty ; 

38. Of intercalary months, one million, five hundred and 
ninety -three thousand, three hundred and thirty -six ; of omitted 
lunar days, twenty -five million, eighty-two thousand, two hun- 
dred and fifty-two ; 

39. Of solar months, fifty-one million, eight hundred and forty 
thousand. The number of risings of the asterisms, diminished 
by that of the revolutions of the sun, gives the number of ter- 
restrial days. 

40. The intercalary months, the omitted lunar days, the side- 
real, lunar, and civil days — these, multiplied by a thousand, are 
the number of revolutions, etc., in an ^Eon. 

The data here given are combinations of, and deductions from, those 
contained in the preceding passage (vv. 29-34). For convenience of 
reference, we present them below in a tabular form. 



Sidereal days, 

deduct solar revolutions, 

Natural, or civil days, 

Sidereal solar years, 
multiply by no. of solar months in a year, 

Solar months, 

Moon's sidereal revolutions, 
deduct solar revolutions, 

Synodical revolutions, lunar months, 

deduct solar months, 

Intercalary months, 

vol. vi. 22 



In 4,320,000 years. In 1,080,000 years. 
1,582,237,828 395,559,457 



4,320,000 



1,080,000 



',577.9 I 7,828 394,479,457 



4,32o,ooo 
12 



1,080,000 
12 



5 1 ,840,000 1 2,960,000 

57, 7 53,336 
4,320,000 



53,433,336 
5 1,840,000 

1,593,336 



14,438,334 
1,080,000 

13,358,334 
1 2,960,000 

3o8,334 
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Lunar months, 53,433,336 1 3,358,334 

multiply by no. of lunar days in a month, 3o 3o 

Lunar days, I,6o3,ooo,o8o 400,750,020 

deduct civil days, 1,577,917,828 394,479,457 

Omitted lunar days, 25,082,252 6,270,563 

We add a few explanatory remarks respecting some of the terms em- 
ployed in this passage, or the divisions of time which they designate. 

The natural day, nycthemeron, is, for astronomical purposes, reckoned 
in the Surya-Siddhanta from midnight to midnight, and is of invariable 
length ; for the practical uses of life, the Hindus count it from sunrise 
to sunrise ; which would cause its duration to vary, in a latitude as high 
as our own, sometimes as much as two or three minutes. As above 
noticed, the system of Brahmagupta and some others reckon the astro- 
nomical day also from sunrise. 

For the lunar day, the lunar and solar month, and the general con- 
stitution of the year, see above, under verse 13. The lunar month, 
which is the one practically reckoned by, is named from the solar month 
in which it commences. An intercalation takes place when two lunar 
months begin in the same solar month : the former of the two is called 
an intercalary month {adhimAsa, or adhimasaka, " extra month"), of the 
same name as that which succeeds it. 

The term " omitted lunar day " (tithikshaya, " loss of a lunar day " ) 
is explained by the method adopted in the calendar, and in practice, of 
naming the days of the month. The civil day receives the name of the 
lunar day which ends in it ; but if two lunar days end in the same solar 
day, the former of them is reckoned as loss (kshaya), and is omitted, the 
day being named from the other. 

41. The revolutions of the sun's apsis (rnanda), moving east- 
ward, in an ^Eon, are three hundred and eighty-seven ; of that 
of Mars, two hundred and four ; of that of Mercury, three hun- 
dred and sixty-eight ; 

42. Of that of Jupiter, nine hundred ; of that of Venus, five 
hundred and thirty-five; of the apsis of Saturn, thirty -nine. 
Farther, the revolutions of the nodes, retrograde, are : 

43. Of that of Mars, two hundred and fourteen ; of that of 
Mercury, four hundred and eighty-eight; of that of Jupiter, one 
hundred and seventy-four ; of that of Venus, nine hundred and 
three ; 

44. Of the node of Saturn, the revolutions in an JEJon are six 
hundred and sixty-two : the revolutions of the moon's apsis and 
node have been given here already. 

In illustration of the curious feature of the Hindu system of astronomy 
presented in this passage, we first give the annexed table ; which shows 
the number of revolutions in the ./Eon, or period of 4,320,000,000 years, 
assigned by the text to the apsis and node of each planet, the resulting 
time of revolution, the number of years which each would require to 



i. 44.] 



S&ry a- Siddhanta. 



171 



pass through an arc of one minute, and the position of each, according 
to the system, in 1850; the latter being reckoned in our method, from 
the vernal equinox. Farther are added the actual positions for Jan. 1, 
1850, as given by Biot (Traite d' Astronomie, torn. v. 529) ; and finally, 
the errors of the positions as determined by this Siddhanta. 

Table of Revolutions and Present Position of the Apsides and Nodes of 

the Planets. 



Planet. 


No. of 
rev. in 


Time of revolution, 


No. of years 
to 1' of 


Resulting 
position, 


True 
position, 


Error of 
Hindu 




an Mon. 




motion. 


A. D. 1850. 


A. D. 1860. 


position. 


Apsides : 






/ 


/ 


' 


Sua, 


38 7 


11,162,790.7 


5i6.8 


95 4 


IOO 22 


- 5 16 


Mercury, 


368 


II,739,l3o.4 


543.5 


238 i5 


255 7 


- 16 52 


Venus, 


535 


8,074,766.4 


373.8 


97 39 


309 24 


-211 45 


Mars, 


204 


21,176,470.6 


980.4 


1 47 49 


i53 18 


- 5 29 


Jupiter, 


900 


4,800,000.0 


222.2 


189 9 


191 55 


- 2 46 


Saturn, 


39 


110,769,230.8 


5128.2 


254 24 


270 6 


- 1 5 42 


Nodes : 














Mercury, 


488 


8,852,459.0 


409.8 


38 27 


46 33 


- 8 6 


Venus, 


903 


4,784,o53.2 


221.5 


77 26 


75 19 


+ 27 


Mars, 


214 


20,186,915.9 


934.6 


57 49 


48 23 


+ 9 26 


Jupiter, 


174 


24,827,586.2 


1 149.4 


97 26 


98 54 


- 1 28 


Saturn, 


662 


6,525,678.2 


302.I 


118 7 


112 22 


+ 5 45 



A mere inspection of this table is sufficient to show that the Hindu 
astronomers did not practically recognize any motion of the apsides and 
nodes of the planets ; since, even in the case of those to which they 
assigned the most rapid motion, two thousand years, at the least, would 
be required to produce such a change of place as they, with their im- 
perfect means of observation, would be able to detect. 

This will, however, be made still more clearly apparent by the next 
following table, in which we give the positions of the apsides and nodes 
as determined by four different text-books of the Hindu science, for the 
commencement of the Iron Age. 

Positions of the Apsides and Nodes of the Planets, according to Different 
Authorities, at the Commencement of the Iron Age, 3102 B. C. 



Planet. 



Stiry a- Siddhanta. 



Sun, 

Mercury, 
Venus, 
Mars, 
Jupiter, 
Saturn, 
Nodes : 
Mercury, 
Venus, 
Mars, 
Jupiter, 
Saturn, 



(rev.) 

(175) 
(•66) 
(242) 

(92) 
(4o7) 

(•7) 



2 17 748 
7 10 19 
2 19 39 o 

4 957 36 

5 21 o o 
7 26 36 36 



(409-) 2 o 1 48 
(97-) 1 10 8 24 
(79-) 2 19 44 24 

(3oo-) 3 10 37 12 



Siddhanta- 
^iromani. 



(rev.) 
(2.9) 
(i5i) 
(298) 
(,33) 
(390) 

(.8) 



2 17 45 36 

7 i4 47 
221 2 10 

4 8 18 14 

5 22 i5 36 

8 20 53 3r 



(221-) o 20 52 48(238-) o 21 20 53 



(408-) 2 o 5 a 

(122-) o j.i 59 46 

(29-) 2 22 2 38 

(267-) 3 i3 23 3i 



Arya- 
Siddhanta 



(rev.) 
(210) 
(.54) 
(3oo) 
(:36) 
(3 7 8) 

(.6) 



2 17 45 36 
7 o i4 24 
o 17 16 48 

4 3 5o 24 

5 22 48 o 
4 29 45 36 



(239-) o 20 9 36 
(432-) 2 o 28 48 
(i36-) 1 10 19 12 
(44-) 2 20 38 24 
(283-) 3 10 48 



Paracara- 

SiddMnta. 



(rev.) 
(219) 
(162) 
(240) 
(•4 9 ) 

(448) 

(24) 



2 17 45 36 
7 o 4o 19 
2 20 42 43 

4 2 43 26 

5 22 35 24 
7 28 14 52 



(296-) o 21 1 26 
(408-) 2 o 5 
(112-) 1 9 3 36 
(87-) 2 21 43 12 
(288-) 3 10 26 24 [ 
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The data of the Arya and Paracara Siddhantas, from which the posi- 
tions given in the table are calculated, are derived from Bentley (Hind. 
Ast. pp. 139, 144). To each position is prefixed the number of com- 
pleted revolutions ; or, in the case of the nodes, of which the motion is 
retrograde, the number of whole revolutions of which each falls short 
by the amount expressed by its position. 

The almost universal disagreement of these four authorities with 
respect to the number of whole revolutions accomplished, and their 
general agreement as to the remainder, which determines the position,* 
prove that the Hindus had no idea of any motion of the apsides and 
nodes of the planets as an actual and observable phenomenon ; but, 
knowing that the moon's apsis and node moved, they fancied that the 
symmetry of the universe required that those of the other planets should 
move also ; and they constructed their systems accordingly. They held, 
too, as will be seen at the beginning of the second chapter, that the 
nodes and apsides, as well as the conjunctions (pigkra), were beings, 
stationed in the heavens, and exercising a physical influence over their 
respective planets, and, as the conjunctions revolved, so must these also. 
In framing their systems, then, they assigned to these points such a 
number of revolutions in an -<Eon as should, without attributing to them 
any motion which admitted of detection, make their positions what they 
supposed them actually to be. The differences in respect to the number 
of revolutions were in part rendered necessary by the differences of other 
features of the systems ; thus, while that of the Siddhanta-Qiromani 
makes the planetary motions commence at the beginning of the iEon, 
by that of the Surya-Siddhanta they commence 17,064,000 years later 
(see above, v. 24), and by that of the Arya-Siddhanta, 3,024,000 years 
later (Bentley, Hind. Ast. p. 139) : in part, however, they are merely 
arbitrary ; for, although the Paracara-Siddhanta agrees with the Sid- 
dhanta-Qiromani as to the time of the beginning of things, its numbers 
of revolutions correspond only in two instances with those of the latter. 

It may be farther remarked, that the close accordance of the different 
astronomical systems in fixing the position of points which are so difficult 
of observation and deduction as the nodes and apsides, strongly indicates, 
either that the Hindus were remarkably accurate observers, and all 
arrived independently at a near approximation to the truth, or that some 
one of them was followed as an authority by the others, or that all alike 
derived their data from a common source, whether native or foreign. 
We reserve to the end of this work the discussion of these different 
possibilities, and the presentation of data which may tend to settle the 
question between them. 

45. Now add together trie time of trie six Patriarchs (manu), 
with their respective twilights, and with the dawn at the com- 
mencement of the JEon (kalpa) ; farther, of the Patriarch Manu, 
son of Vivasvant, 



* It is altogether probable that, in the two cases where the Arya-Siddhanta seems 
to disagree with the others, its data were either given incorrectly by Bentley's au- 
thority, or have been incorrectly reported by him. 
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46. The twenty-seven Ages (yuga) that are past, and likewise 
the present Golden Age (Jcrta yuga) ; from their sum subtract the 
time of creation, already stated in terms of divine years, 

47. In solar years : the result is the time elapsed at the end of 
the Golden Age; namely, one billion, nine hundred and fifty- 
three million, seven hundred and twenty thousand solar years. 

We have already presented this computation, in full, in the notes to 
verses 23 and 24. 

48. To this, add the number of years of the time since 
past 

As the Surya-Siddhanta professes to have been revealed by the Sun 
about the end of the Golden Age, it is of course precluded from taking 
any notice of the divisions of time posterior to that period : there is 
nowhere in the treatise an allusion to any of the eras which are actually 
made use of by the inhabitants of India in reckoning time, with the ex- 
ception of the cycle of sixty years, which, by its nature, is bound to no 
date or period (see below, v. 55). The astronomical era is the com- 
mencement of the Iron Age, the epoch, according to this Siddhanta, of 
the last general conjunction of the planets ; this coincides, as stated 
above (under vv. 29-34^ with Feb. 18, 1612 J. P., or 3102 B. C. From 
that time will have elapsed, upon the eleventh of April, 1859, the 
number of 4960 complete sidereal years of the Iron Age. The com- 
putation of the whole period, from the beginning of the present order 
of things, is then as follows : 

From end of creation to end of last Golden Age, 1,953,720,000 

Silver Age, 1,296,000 

Brazen Age, 864,000 

Of Iron Age, 4,960 2,164,960 

Total from end of creation to April, 1859, 1,955,884,960 

Since the Surya-Siddhanta, as will appear from the following verses, 
reckons by rani-solar years, it regards as the end of I. A. 4960 not 
the end of the solar sidereal year of that number, but that of the luni- 
solar year, which, by Hindu reckoning, is completed upon the third of 
the same month (see Ward, Kala Sankalita, Table, p. xxxii). 

48 Eeduce the sum to months, and add the months 

expired of the current year, beginning with the light half of 
Caitra. 

49. Set the result down in two places; multiply it by the 
number of intercalary months, and divide by that of solar 
months, and add to the last result the number of intercalary 
months thus found ; reduce the sum to days, and add the days 
expired of the current month ; 

50. Set the result down in two places; multiply it by the 
number of omitted lunar days, and divide by that of lunar days ; 
subtract from the last result the number of omitted lunar days 
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thus obtained : the remainder is, at midnight, on the meridian of 
LankS, 

51. The sum of days, in civil reckoning .... 

In these verses is taught the method of one of the most important 
and frequently recurring processes in Hindu Astronomy, the finding, 
namely, of the number of civil or natural days which have elapsed at 
any given date, reckoning either from the beginning of the present 
creation, or (see below, v. 56) from any required epoch since that time. 
In the modern technical language, the result is uniformly styled the 
ahargana, " sum of days ; " that precise term, however, does not once 
occur in the text of the Surya-Siddhanta : in the present passage we 
have dyugana, which means the same thing, and in verse 53 dinar&pi, 
" heap or quantity of days." 

The process will be best illustrated and explained by an example. 
Let it be required to find the sum of days to the beginning of Jan. 1, 
1860. 

It is first necessary to know what date corresponds to this in Hindu 
reckoning. We have remarked above that the 4960th year of the Iron 
Age is completed in April, 1859 ; in order to exhibit the place in the 
next following year of the date required, and, at the same time, to pre- 
sent the names and succession of the months, which in this treatise are 
assumed as known, and are nowhere stated, we have constructed the 
following skeleton of a Hindu calendar for the year 4961 of the Iron 
Age. 



Solar Year. 










month. 


first day. 








(t A. 4960.) 
12. Caitra, 


Mar. 


1 3, 1859. 


Lorn-solar Year, 
month. first day. 


(L A. 4961.) 






(I. A. 4961.) 






1. Vaicakha, 


Apr. 


12, do. 


1. Caitra, 


Apr. 4, 


1859. 


2. Jyaishtha, 


May 


1 3, do. 


2. Vaicakha, 


May 3, 


do. 


3. Ashadha, 


June 


i4, do. 


3. Jyaishtha, 


June 2, 


do. 


4. Cravana, 


July 


1 5, do. 


4. Ashadha, 


July 1, 


do. 


6. lihadrapada, Aug. 


16, do. 


5. Cravana, 


July 3i, 


do. 


6. Acvina, 


Sept. 


16, do. 


6. Bhadrapada, 


Aug. 29, 


do. 


7. Karttika, 


Oct. 


1 6, do. 


7. Acvhm, 


Sept. 28, 


do. 


8. Margajirsha, 


Nov. 


1 5, do 


8. Karttika, 


Oct. 27, 


do. 


9. Pausha, 


Dec 


1 5, do. 


9. Margacirsha, 


, Nov. 26, 


do. 


10. Magha, 


Jan. 


1 3, i860. 


10. Pausha, 


Dec. 25, 


do. 


ir. Phalguna, 


Feb. 


11, do. 


11. Magha, 


Jan. 24, 


i860. 


12. Caitra, 


Mar. 


12, do. 


1 2. Phalguna, 
(I. A. 4962.) 


Feb. 22, 


do. 








1. Caitra, 


Mar. 23, 


do. 



The names of the solar months are derived from the names of the 
asterisms (sec below, chap, viii.) in which, at the time of their being first 
so designated, the moon was full during their continuance. The same 
names are transferred to the lunar months. Each lunar month is divided 
into two parts ; the first, called the light half (pukla paksha, " bright 
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side"), lasts from new moon to full moon, or while the moon is waxing ; 
the other, called the dark half (krshna paksha, "black side"), lasts from 
full moon to new moon, or while the moon is waning. 

The table shows that Jan. 1, 1860, is the eighth day of the tenth 
month of the 4961st year of the Iron Age. The time, then, for which 
we have to find the sum of days, is 1,955,884,960 y., 9 m., 7 d. 

Number of complete years elapsed, 1,955,884,960 

multiply by number of solar months in a year, 1 2 

Number of months, 23,470,619,520 

add months elapsed of current year, 9 

Whole number of months elapsed, 23,470,619,529 

Now a proportion is made : as the whole number of solar months 
in an Age is to the number of intercalary months in the same period, so 
is the number of months above found to that of the corresponding 
intercalary months : or, 

5i,84o,ooo : 1,593,336 : : 23,470,619,529 : 721,384,703 + 

Whole number of months, as above, 23,470,619,529 

add intercalary months, 721,384,703 

Whole number of lunar months, 24,192,004,232 

multiply by number of lunar days in a month, 3o 

Number of lunar days, 725,760,126,960 

add lunar days elapsed of current month, 7 

Whole number of lunar days elapsed, 725,760,126,967 

To reduce, again, the number of lunar days thus found to the corres- 
ponding number of solar days, a proportion is made, as before : as the 
whole number of lunar days in an Age is to the number of omitted lunar 
days in the same period, so is the number of lunar days in the period 
for which the sum of days is required to that of the corresponding 
omitted lunar days : or, 

i,6o3,ooo,o8o : 25,082,252 : : 725,760,126,967 : ii,356,oi 8,395 + 

Whole number of lunar days as above, 725,760,126,967 

deduct omitted lunar days, 11,356,018,395 

Total number of civil days from end of creation ) , , , „ K 

to beginning of Jan. 1, i860, \ 7i4,4o4,io8,5 7 2 

This, then, is the required sum of days, for the beginning of the year 
A.D. 1860, at midnight, upon the Hindi/ prime meridian. 

The first use which we are instructed to make of the result thus ob- 
tained is an astrological one. 

51 ... . From this may be found the lords of the day, the 
month, and the year, counting from the sun. If the number be 
divided by seven, the remainder marks the lord of the day, be- 
ginning with the sun. 

52. Divide the same number by the number of days in a 
month and in a year, multiply the one quotient by two and the 
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other by three, add one to each product, and divide by seven ; 
the remainders indicate the lords of the month and of the 
year. 

These verses explain the method of ascertaining, from the sum of days 
already found, the planet which is accounted to preside over the day, 
and also those under whose charge are placed the month and year in 
which that day occurs. 

To find the lord of the day is to find the day of the week, since the 
latter derives its name from the former. The week, with the names and 
succession of its days, is the same in India as with us, having been 
derived to both from a common source. The principle upon which the 
assignment of the days to their respective guardians was made has been 
handed down by ancient authors (see Ideler, Handbuch d. math. u. tech. 
Chronologie, i. 178, etc.), and is well known. It depends upon the 
division of the day into twenty-four hours, and the assignment of each 
of these in succession to the planets, in their natural order ; the day 
being regarded as under the dominion of that planet to which its first 
hour belongs. Thus, the planets being set down in the order of their 
proximity to the earth, as determined by the ancient systems of as- 
tronomy (for the Hindu, see below, xii. 84-88), beginning with the 
remotest, as follows : Saturn, Jupiter, Mars, sun, Venus, Mercury, moon, 
and the first hour of the twenty-four being assigned to the Sun, as chief 
of the planets, the second to Venus, etc., it will be found that the twenty- 
fifth hour, or the first of the second day, belongs to the moon ; the forty- 
ninth, or the first of th'e third day, to Mars, and so on. Thus is obtained 
a new arrangement of the planets, and this is the one in which this 
Siddhanta, when referring to them, always assumes them to stand (see, 
for instance, below, v. 70 ; ii. 35-37) : it has the convenient property 
that by it the sun and moon are separated from the other planets, from 
which they are by so many peculiarities distinguished. Upon this order 
depend the rules here given for ascertaining also the lords of the month 
and of the year. The latter, as appears both from the explanation of 
the commentator, and from the rules themselves, are no actual months 
and years, but periods of thirty and three hundred and sixty days, fol- 
lowing one another in uniform succession, and supposed to be placed, 
like the day, under the guardianship of the planets to whom belong 
their first subdivisions : thus the lord of the day is the lord of its first 
hour ; the lord of the month is the lord of its first day (and so of its 
first hour) ; the lord of the year is the lord of its first month (and so 
of its first day and hour). We give below this artificial arrangement 
of the planets, with the order in which they are found to succeed one 
another as lords of the periods of one, thirty, and three hundred and 
sixty days ; we add their natural order of succession, as lords of the 
hours ; and we farther prefix the ordinary names of the days, with their 
English equivalents. Other of the numerous names of the planets, it 
is to be remarked, may be put before the word vdra to form the name 
of the day : v&ra itself means literally " successive time," or 'J turn," 
and is not used, so far as we are aware, in any other connection, to 
denote a day. 





tSurya 


■SiddMnta. 








Name 


of day. 


Presiding Planet. 


Succession, 
day, month, 


as Lord of 
year, hou 


Ravivara, 

Somavara, 

Mangalavara, 

Budhavara, 

Guru vara, 

fufcravara, 

Qanivara, 


Sunday, 

Monday, 

Tuesday, 

Wednesday, 

Thursday, 

Friday, 

Saturday, 


Sun, 

Moon, 

Mars, 

Mercury, 

Jupiter, 

Venus, 

Saturn, 


I 
2 
3 

4 
5 
6 

7 


1 
5 

2 

6 
3 

7 
4 


1 t 

6 4 

4 7 

2 3 

7 6 

5 2 

3 5 



As the first day of the subsistence of the present order of things is 
supposed to have been a Sunday, it is only necessary to divide the sum 
of days by seven, and the remainder will be found, in the first column, 
opposite the name of the planet to which the required day belongs. 
Thus, taking the sum of days found above, adding to it one, for the first 
of January itself, and dividing by seven, we have : 
7)714,404,108,573 
102,057,729,796— 1 

The first of January, 1860, accordingly, falls on a Sunday by Hindu 
reckoning, as by our own. 

On referring to the table, it will be seen that the lords of the months 
follow one another at intervals of two places. To find, therefore, by a 
summary process, the lord of the month in which occurs any given day, 
first divide the sum of days by thirty ; the quotient, rejecting the re- 
mainder, is the number of months elapsed ; multiply this by two, that 
each month may push the succession forward two steps, add one for the 
current month, divide by seven in order to get rid of whole series, and 
the remainder is, in the column of lords of the day, the number of the 
regent of the month required. Thus : 

30)714,404,108,572 

23,813,470,285+ 

2 



47,626,940,570 

1 

7)47,626,940,571 



6,8o3,848,652-7 

The regent of the month in question is therefore Saturn. 

By a like process is found the lord of the year, saving that, as the 
lords of the year succeed one another at intervals of three places, the 
multiplication is by three instead of by two. Upon working out the 
process, it will be found that the final remainder is five, which designates 
Jupiter as the lord of the year at the given time. 

Excepting here and in the parallel passage xii. 77, 78, no reference is 
made in the S&rya-Siddhanta to the week, or to the names of its days. 
Indeed, it is not correct to speak of the week at all in connection with 
India, for the Hindus do not seem ever to have regarded it as a division 
of time, or a period to be reckoned by ; they knew only of a certain order 
of succession, in which the days were placed under the regency of the 
seven planets. And since, moreover, as remarked above (under w. 11, 
vol. vi. 23 
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12), they never made that division of the day into twenty-four hours 
upon which the order of regency depends, it follows that the whole sys- 
tem was of foreign origin, and introduced into India along with other 
elements of the modern sciences of astronomy and astrology, to which 
it belonged. Its proper foundation, the lordship of the successive hours, 
is shown by the other passage (xii. 78) to have been also known to the 
Hindus; and the name by which the hours are there called (hora=&§<*) 
indicates beyond a question the source whence they derived it. 

53. Multiply the sum of days (dinar&qi) by the number of 
revolutions of any planet, and divide by the number of civil 
days ; the result is the position of that planet, in virtue of its 
mean motion, in revolutions and parts of a revolution. 

By the number of revolutions and of civil days is meant, of course, 
their number, as stated above, in an Age. For " position of the planet," 
etc., the text has, according to its usual succinct mode of expression, 
simply " is the planet, in revolutions, etc." There is no word for " po- 
sition" or "place" in the vocabulary of this Siddhanta. 

This verse gives the method of finding the mean place of the planets 
at any given time for which the sum of days has been ascertained, by 
a simple proportion : as the number of civil days in a period is to the 
number of revolutions during the same period, so is the sum of days to 
the number of revolutions and parts of a revolution accomplished down 
to the given time. Thus, for the sun : 

1,577,917,828 : 4,320,000 : : 714,404,108,572 : i,Q55,884,96orev s» i-j°4&' 1" 

The mean longitude of the sun, therefore, Jan. 1st, 1860, at midnight 
on the meridian of Ujjayini, is 257° 48' 7". We have calculated in this 
manner the positions of all the planets, and of the moon's apsis and 
node — availing ourselves, however, of the permission given below, in 
verse 56, and reckoning only from the last epoch of conjunction, the be- 
ginning of the Iron Age (from which time the sum of days is 1,811,945), 
and also employing the numbers afforded by the lesser period of 
1,080,000 years — and present the results in the following table. 

Mean Places of the Planets, Jan. 1st, 1 860, midnight, at Ujjayini. 



Planet. 


According to the 
Surya-Siddhanta. 




The 


same 


corrected by the Mja. 




(rev.) b < 


.. 


s 


. 


. 


Sun, 


(4.960) 8 17 48 


7 


8 


17 


48 7 


Mercury, 


(20,597) 4 1 5 1 3 


8 


4 


8 


36 16 


Venus, 


(8,o63) 10 21 8 


5 9 


10 


16 


11 22 


Mar9, 


(2,637) 5 24 17 


36 


5 


24 


17 36 


Jupiter, 


(4i8) 2 26 


7 


2 


22 


4i 4i 


Saturn, 


(168) 3 20 11 


12 


3 


25 


8 5o 


Moon, 


(66,3i8) 11 i5 23 


24 


11 


i5 


23 24 


" apsi9, 


(56o) 10 9 42 


26 


10 


8 


3 i3 


" node, 


(267-) 9 24 26 


4 


9 


22 


46 5i 



The positions are given as deduced both from the numbers of 
revolutions stated in the text, and from th • same as corrected by the 
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Mja : prefixed arc the numbers of complete revolutions accomplished 
since the epoch. In the cases of the moon's apsis and node, however, 
it was necessary to employ the numbers of revolutions given for the 
whole Age, these not being divisible by four, and also to add to their 
ascertained amount of movement their longitude at the epoch (see below, 
under vv. 57, 58). 

54. Thus also are ascertained the places of the conjunction 
(gigkra) and apsis (mandocca) of each planet, which have been 
mentioned as moving eastward ; and in like manner of the nodes, 
which have a retrograde motion, subtracting the result from a 
whole circle. 

The places of the apsides and nodes have already been given above 
(under vv. 41-44), both for the commencement of the Iron Age, and 
for A. D. 1850. The place of the conjunctions of the three superior 
planets is, of course, the mean longitude of the sun. In the case of the 
inferior planets, the place of the conjunction is, in fact, the mean place of 
the planet itself in its proper orbit, and it is this which we have given for 
Mercury and Venus in the preceding table : while to the Hindu appre- 
hension, the mean place of those planets is the same with that of the sun. 

55. Multiply by twelve the past revolutions of Jupiter, add 
the signs of the current revolution, and divide by sixty \ the 
remainder marks the year of Jupiter's cycle, counting from 
Vijaya. 

This is the rule for finding the current year of the cycle of sixty 
years, which is in use throughout all India, and which is called the cycle 
of Jupiter, because the length of its years is measured by the passage 
of that planet, by its mean motion, through one sign of the zodiac. 
According to the data given in the text of this Siddhanta, the length of 
Jupiter's year is 361 ll h 38 m ; the correction of the Mja makes it about 
12 m longer. It was doubtless on account of the near coincidence of 
this period with the true solar year that it was adopted as a measure of 
time ; but it has not been satisfactorily ascertained, so far as we are 
aware, where the cycle originated, or what is its age, or why it was 
made to consist of sixty years, including five whole revolutions of the 
planet. There was, indeed, also in use a cycle of twelve of Jupiter's 
years, or the time of one sidereal revolution : see below, xiv. 1 7. Davis 
(As. Ees. iii. 209, etc.) and Warren (Kala Sankalita, p. 197, etc.) have 
treated at some length of the greater cycle, and of the different modes 
of reckoning and naming its years usual in the different provinces of 
India. 

In illustration of the rule, let us ascertain the year of the cycle cor- 
responding to the present year, A. D. 1859. It is not necessary to make 
the calculation from the creation, as the rule contemplates ; for, since 
the number of Jupiter's revolutions in the period of 1,080,000 years is 
divisible by five, a certain number of whole cycles, without a remainder, 
will have elapsed at the beginning of the Iron Age. The revolutions of 
the planet since that time, as stated in the table last given, are 418, and 
it is in the 3rd sign of the 419th revolution ; the reduction of the whole 
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amount of movement to signs shows us that the current year is the 
5019th since the epoch : divide this by 60, to cast out whole cycles, and 
the remainder, 39, is the number of the year in the current cycle. This 
treatise nowhere gives the names of the years of Jupiter, but, as in the 
case of the months, the signs of the zodiac, and other similar matters, 
assumes them to be already familiarly known in their succession : we 
accordingly present them below. We take them from Mr. Davis's paper, 
alluded to above, not having access at present to any original authority 
which contains them. 



I. Vijaya. 
i. Jaya. 

3. Manmatha. 

4. Durmukha. 

5. Hemalamba. 

6. Vilamba. 

7. Vikarin. 

8. Carvari. 

9. Plava. 

10. Cubhakrt. 

11. Qobhana. 
13. Krodhin. 

1 3. Vijvavasu. 

1 4. Parabhava. 

1 5. Plavanga. 

16. Kilaka. 

17. Saumya. 

18. Sadharana. 

19. Virodhakrt. 

20. Paridhavin. 



21. Pramadin. 
12. Ananda. 

23. Raksbasa. 

24. Anala. 

25. Pingala. 

26. Kalayukta. 

27. Siddharthin. 

28. Raudra. 

29. Durmati. 

30. Dundubhi. 

3i. Rudhirodgarin. 

32. Raktfiksha. 

33. Krodhana. 

34. Kshaya. 

35. Prabhava. 

36. Vibhava. 

37. <?ukla. 

38. Pramoda. 

39. Prajapati. 

40. Angiras. 



4i. 5" mu kha. 

42. Bhava. 

43. Yuvan. 

44. Dbatar. 

45. Ifvara. 

46. Bahudhanya. 

47. Pramathin. 

48. Vikrama. 

49. Bhrfya. 

50. Citrabhanu. 

5 1. Subhanu. 

52. Tarawa. 

53. Parthiva. 

54. Vyaya. 

55. Sarvajit. 

56. Sarvadharin. 

57. Virodhin. 

58. Vikrta. 

59. Khara. 

60. Nandana. 



It appears, then, that the current year of Jupiter's cycle is named 
Prajapati : upon dividing by the planet's mean daily motion the part of 
the current sign already passed over, it will be found that, according to 
the text, that year commenced on the twenty-third of February, 1859 ; 
or, if the correction of the bija be admitted, on the third of April. 

Although it is thus evident that the Surya-Siddhanta regards both 
the existing order of things and the Iron Age as having begun with 
Vijaya, that year is not generally accounted as the first, but as the 
twenty-seventh, of the cycle, which is thus made to commence with 
Prabhava. An explanation of this discrepancy might perhaps throw 
important light upon the origin or history of the cycle. 

This method of reckoning time is called (see below, xiv. 1, 2) the 
h&rhaspatya m&na, " measure of Jupiter." 

56. The processes which have thus been stated in full detail, 
are practically applied in an abridged form. The calculation of 
the mean place of the planets may be made from any epoch 
(yuga) that may be fixed upon. 

57. Now, at the end of the Golden Age (krta yuga), all the 
planets, by their mean motion — excepting, however, their nodes 
and apsides (rnandocca) — are in conjunction in the first of Aries. 

58. The moon's apsis (ucca) is in the first of Capricorn, and 
its node is in the first of Libra ; and the rest, which have been 
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stated above to have a slow motion — their position cannot be 
expressed in whole signs. 

It is curious to observe how the Surya-Siddhanta, lest it should seem 
to admit a later origin than that which it claims in the second verse of 
this chapter, is compelled to ignore the real astronomical epoch, the 
beginning of the Iron Age ; and also how it avoids any open recog- 
nition of the lesser cycle of 1,080,000 years, by which its calculations 
are so evidently intended to be made. 

The words at the end of verse 56 the commentator interprets to mean : 
" from the beginning of the current, i. e., the Silver, Age." In this he 
is only helping to keep iip the pretence of the work to immemorial an- 
tiquity, even going therein beyond the text itself, which expressly says : 
" from any desired (ishtatas) yuga." Possibly, however, we have taken 
too great a liberty in rendering yuga by " epoch," and it should rather 
be " Age," i. e., " beginning of an Age." The word yuga comes from 
the root yuj, " to join " (Latin, jungo ; Greek, &iyi>v[ii : the word itself 
is the same with jugum, £vy6i>), and seems to have been originally ap- 
plied to indicate a cycle, or period, by means of which the conjunction 
or correspondence of discordant modes of reckoning time was kept up ; 
thus it still signifies also the lustrum, or cycle of five years, which, with 
an intercalated month, anciently maintained the correspondence of the 
year of 360 days with the true solar year. From such uses it was trans- 
ferred to designate the vaster periods of the Hindu chronology. 

As half an Age, or two of the lesser periods, are accounted to have 
elapsed between the end of the Golden and the beginning of the Iron 
Age, the planets, at the latter epoch, have again returned to a position 
of mean conjunction : the moon's node, also, is still in the first of Libra, 
but her apsis has changed its place half a revolution, to the first of 
Cancer (see above, under vv. 29-34). The positions of the apsides and 
nodes of the other planets at the same time have been given already, 
under verses 41-44. 

The Hindu names of the signs correspond in signification with our own, 
having been brought into India from the West. There is nowhere in 
this work any allusion to them as constellations, or as having any fixed 
position of their own in the heavens : they are simply the names of the 
successive signs (rapt, bha) into which any circle is divided, and it is left 
to be determined by the connection, in any case, from what point they 
shall be counted. Here, of course, it is the initial point of the fixed 
Hindu sphere (see above, under v. 27). As the signs are, in the sequel, 
frequently cited by name, we present annexed, for the convenience of 
reference of those to whose memory they are not familiar in the order 
of their succession, their names, Latin and Sanskrit, their numbers, and 
the figures generally used to represent them. Those enclosed in 
brackets do not chance to occur in our text. 

I. Aries, cp mesha, aja. 7. Libra, ^± tvlA. 

3. Taurus, y vrskan, 8. Scorpio, ni [vrfcika,'] dli. 

3. Gemini, n mithuna. 9. Sagittarius, / dhanw*. 

4. Cancer, 23 karlea, karkata. 10. Capricornus, \[f makara, mrga. 

5. Leo, (I [sinha\. 11. Aquarius, •» kumbha. 

6. Virgo, IIJ} kanyd. 12. Pisces, M [mina]. 
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In the translation given above of the second half of verse 58, not a 
little violence is done to the natural construction. This would seem to 
require that it be rendered : " and the rest are in whole signs (have come 
to a position which is without a remainder of degrees) ; they, being of 
slow motion, are not stated here." But the actual condition of things 
at the epoch renders necessaiy the former translation, which is that of 
the commentator also. We cannot avoid conjecturing that the natural 
rendering was perhaps the original one, and that a subsequent alteration 
of the elements of the treatise compelled the other and forced interpre- 
tation to be put upon the passage. 

The commentary gives the positions of the apsides and nodes (those 
of the nodes, however, in reverse) for the epoch of the end of the Golden 
Age, but, strangely enough, both in the printed edition and in our manu- 
script, commits the blunder of giving the position of Saturn's node a 
second time, for that of his apsis, and also of making the seconds of the 
position of the node of Mars 12, instead of 24. We therefore add them 
below, in their correct form. 

Motion of the Apsides and Nodes of the Planets, to the End of the last 

Golden Age. 



Planet. 


Apsis. 


Node. 




(rev.) 


8 a < ■> 


(rev.) s «... 


Sun, 


(i?5) 


o 7 28 12 




Mercury, 


(.66) 


5 4 4 48 


(220) 8 11 16 48 


Venus, 


(240 


11 i3 21 


(4o8) 4 17 25 48* 


Mars, 


(9=0 


3 3 14 24 


(96) 9 II 30 24 


Jupiter, 


(407) 


0900 


(78) 8 8 56 24 


Saturn, 


('7) 


7 19 35 24 


(299) 4 20 i3 12 



The method of finding the mean places of the planets for midnight 
on the prime meridian having been now fully explained, the treatise 
proceeds to show how they may be found for other places, and for other 
times of the day. To this the first requisite is to know the dimensions 
of the earth. 

59. Twice eight hundred yqjanas are the diameter of the earth : 
the square root of ten times the square of that is the earth's cir- 
cumference. 

60. This, multiplied by the sine of the co-latitude (fambajyd) 
of any place, and divided by radius (trijtvd), is the corrected 
(sphvta) circumference of the earth at that place 

There is the same difficulty in the way of ascertaining the exactness 
of the Hindu measurement of the earth as of the Greek; the uncer- 
tain value, namely, of the unit of measure employed. The yojana is 
ordinarily divided into kroga, " cries " (i. e., distances to which a certain 
cry may be heard) ; the kropa into dhanus, " bow-lengths," or danda, 
" poles ; " and these again into hasta, " cubits." By its origin, the latter 



* The printed edition, by an error of the press, gives 4. 
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ought not to vary far from eighteen inches ; but the higher measures 
differ greatly in their relation to it. The usual reckoning makes the 
yojana equal 32,000 cubits, but it is also sometimes regarded as com- 
posed of 16,000 cubits; and it is accordingly estimated by different au- 
thorities at from four and a half to rather more than ten miles English. 
This uncertainty is no merely modern condition of things : Iliuen-Thsang, 
the Chinese monk who visited India in the middle of the seventh cen- 
tury, reports (see Stanislas Julien's Memoires de Hiouen-Thsang, i. 59, 
etc.) that in India " according to ancient tradition a yojana equals forty 
li; according to the customary use of the Indian kingdoms, it is thirty 
li ; but the yojana mentioned in the sacred books contains only sixteen 
li :" this smallest yojana, according to the value of the li given by Wil- 
liams (Middle Kingdom, ii. 154), being equal to from five to six English 
miles. At the same time, Hiuen-Thsang states the subdivisions of the 
yojana in a manner to make it consist of only 16,000 cubits. Such 
being the condition of things, it is clearly impossible to appreciate the 
value of the Hindu estimate of the earth's dimensions, or to determine 
how far the disagreement of the different astronomers on this point may 
be owing to the difference of their standards of measurement. Arya- 
bhatta (see Colebrooke's Hind. Alg. p. xxxviii ; Essays, ii. 468) states the 
earth's diameter to be 1050 yojanas; Bhaskara (Siddh.-Cir. vii. 1) gives 
it as 1581 : the latter author, in his Lilavatl (i. 5, 6), makes the yojana 
consist of 32,000 cubits. 

The ratio of the diameter to the circumference of a circle is here 
made to be 1 : ^10, or 1 : 3.1623, which is no very near approximation. 
It is not a little surprising to find this determination in the same treatise 
with the much more accurate one afforded by the table of sines given in 
the next chapter (vv. 17-21), of 3438 : 10,800, or 1 : 3.14136 ; and then 
farther, to find the former, and not the latter, made use of in calculating 
the dimensions of the planetary orbits (see below, xii. 83). But the 
same inconsistency is found also in other astronomical and mathematical 
authorities. Thus Aryabhatta (see Colebrooke, as above) calculates the 
earth's circumference from its diameter by the ratio 7 : 22, or 1 : 3.14286, 
but makes the ratio 1 : ^10 the basis of his table of sines, and Brahma- 
gupta and Cridhara also adopt the latter. Bhaskara, in stating the 
earth's circumference at 4967 yojanas, is very near the truth, since 
1581 : 4967 : : 1 : 3.14168 : his Lllavati (v. 201) gives 7 : 22, and also, 
as more exact, 1250 : 3927, or 1 : 3.1416. This subject wilt be reverted 
to in connection with the table of sines. 

The greatest circumference of the earth, as calculated according to 
the data and method of the text, is 5059.556 yojanas. The astronomical 
yojana must be regarded as an independent standard of measurement, 
by which to estimate the value of the other dimensions of the solar 
system stated in this treatise. To make the earth's mean diameter cor- 
rect as determined by the Surya-Siddhanta, the yojana should equal 
4.94 English miles ; to make the circumference correct, it should equal 
4.91 miles. 

The rule for finding the circumference of the earth upon a parallel of 
latitude is founded upon a simple proportion, viz., rad. : cos. latitude : : 
circ. of earth at equator : do. at the given parallel ; the cosine of the 
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latitude being, in effect, the radius of the circle of latitude. Radius and 
cosine of latitude are tabular numbers, derived from the table to be 
given afterward (see below, ii. 17-21). This treatise is not accustomed 
to employ cosines directly in its calculations, but has special names for 
the complements of the different arcs which it has occasion to use. 
Terrestrial latitude is styled aksha, "axle," which term, as appears from 
xii. 42, is employed elliptically for aftshonnati, " elevation of the axle," 
i. e., " of the pole : " lamba, co-latitude, which properly signifies " lag- 
ging, dependence, falling off," is accordingly the depression of the pole, 
or its distance from the zenith. Directions for finding the co-latitude 
are given below (iii. 13, 14). 

The latitude of Washington being 38° 54', the sine of its co-latitude 
is 2675'; the proportion 3438 : 2675 : : 5059.64 : 3936.75 gives us, then, 
the earth's circumference at Washington as 3936.75 yojanas. 

60. . . . Multiply the daily motion of a planet by the distance 
in longitude {decdntara) of any place, and divide by its corrected 
circumference ; 

61. The quotient, in minutes, subtract from the mean position 
of the planet as found, if the place be east of the prime meridian 
(reJckd) ; add, if it be west ; the result is the planet's mean po- 
sition at the given place. 

The rules previously stated have ascertained the mean places of the 
planets at a given midnight upon the prime meridian ; this teaches us 
how to find them for the same midnight upon any other meridian, or, 
how to correct for difference of longitude the mean places already found. 
The proportion is : as the circumference of the earth at the latitude of 
the point of observation is to the part of it intercepted between that 
point and the prime meridian, so is the whole daily motion of each 
planet to the amount of its motion during the time between midnight 
on the one meridian and on the other. The distance in longitude 
(dep&ntara, literally "difference of region") is estimated, it will be ob- 
served, neither in time nor in arc, but in yojanas. How it is ascertained 
is taught below, in verses 63-65. 

The geographical position of the prime meridian (rekhA, literally 
" line ") is next stated. 

62. Situated upon the line -which passes through the haunt of 
the demons (rdkshasa) and the mountain which is the seat of the 
gods, are Eohitaka and Avanti, as also the adjacent lake. 

The " haunt of the demons " is Lanka, the fabled seat of Ravana, the 
chief of the Rakshasas, the abduction by whom of Rama's wife, with 
the expedition to Lanka of her heroic husband for her rescue, its ac- 
complishment, and the destruction of Ravana and his people, form the 
subject of the epic poem called the Ramayana. In that poem, and to 
the general apprehension of the Hindus, Lanka is the island Ceylon ; in 
the astronomical geography, however (see below, xii. 39), it is a city, 
situated upon the equator. How far those who established the meridian 
may have regarded the actual position of Ceylon as identical with that 
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assigned to Lanka might not be easy to determine. The " seat of the 
gods" is Mount Meru, situated at the north pole (see below, xii. 34, etc.). 
The meridian is usually styled that of Lanka, and "at Lanka" is the 
ordinary phrase made use of in this treatise (as, for instance, above, v. 
50 ; below, iii. 43) to designate a situation either of no longitude or of 
no latitude. 

But the circumstance which actually fixes the position of the prime 
meridian is the situation of the city of Ujjayinl, the Otflvq of the Greeks, 
the modern Ojein. It is called in the text by one of its ancient names, 
Avanti. It is the capital of the rich and populous province of Malava, 
occupying the plateau of the Vindhya mountains just north of the 
principal ridge and of the river Narmada (Nerbudda), and from old 
time a chief seat of Hindu literature, science, and arts. Of all the cen- 
tres of Hindu culture, it lay nearest to the great ocean-route by which, 
during the first three centuries of our era, so important a commerce was 
carried on between Alexandria, as the mart of Rome, and India and the 
countries lying still farther east. That the prime meridian was made 
to pass through this city proves it to have been' the cradle of the Hindu 
science of astronomy, or its principal seat during its early history. Its 
actual situation is stated by Warren (Kala Sankalita, p. 9) as lat. 23° 
11' 30" N, long. 75° 53' E. from Greenwich : a later authority, Thorn- 
ton's Gazetteer of India (London : 1857), makes it to be in lat. 23° 10' N., 
long. 75° 47' E. ; in our farther calculations, we shall assume the latter 
position to be the correct one. 

The situation of Rohitaka is not so clear ; we have not succeeded in 
finding such a place mentioned in any work on the ancient geography 
of India to which we have access, nor is it to be traced upon Lassen's 
map of ancient India. A city called Rohtuk, however, is mentioned by 
Thornton (Gazetteer, p. 836), as the chief place of a modern British 
district of the same name, and its situation, a little to the north-west of 
Delhi, in the midst of the ancient Kurukshetra, leads us to regard it as 
identical with the Rohitaka of the text. That the meridian of Lanka 
was expressly recognized as passing over the Kurukshetra, the memora- 
ble site of the great battle described by the Mahabharata, seems clear. 
Bh&skara (Siddh.-Cir., Gan., vii. 2) describes it as follows : " the line 
which, passing above Lanka and tTjjayini, and touching the region of 
the Kurukshetra, etc., goes through Meru — that line is by the wise 
regarded as the central meridian (madhyarekhti) of the earth." Our 
own commentary also explains sannihitam sarah, which we have transla- 
ted "adjacent lake," as signifying Kurukshetra. Warren (as above) 
takes the same expression to be the name of a city, which seems to us 
highly improbable ; nor do we see that the word saras can properly be 
applied to a tract of country : we have therefore thought it safest to 
translate literally the words of the text, confessing that we do not know 
to what they refer. 

If Rohitaka and Rohtuk signify the same place, we have here a 
measure of the accuracy of the Hindu determinations of longitude ; 
Thornton gives its longitude as 76° 38', or 51' to the east of Ujjayini. 

The method by which an observer is to determine his distance from 
the prime meridian is next explained. 
toi. vi. 24 
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63. When, in a total eclipse of the moon, the emergence 
(unmilana) takes place after the calculated time for its occur- 
rence, then the place of the observer is to the east of the central 
meridian ; 

64. When it takes place before the calculated time, his place 
is to the west : the same thing may be ascertained likewise from 
the immersion (nimilana). Multiply by the difference of the two 
times in nMis the corrected circumference of the earth at the 
place of observation, 

65. And divide by sixty: the result, in yojanas, indicates the 
distance of the observer from the meridian, to the east or to the 
west, upon his own parallel ; and by means of that is made the 
correction for difference of longitude. 

Choice is made, of course, of a lunar eclipse, and not of a solar, for 
the purpose of the determination of longitude, because its phenomena, 
being unaffected by parallax, are seen everywhere at the same instant of 
absolute time ; and the moments of total disappearance and first reap- 
pearance of the moon in a total eclipse are farther selected, because the 
precise instant of their occurrence is observable with more accuracy than 
that of the first and last contact of the moon with the shadow. For 
the explanation of the terms here used see the chapters upon eclipses 
(below, iv-vi). 

The interval between the computed and observed time being ascer- 
tained, the distance in longitude (depAntara) is found by the simple 
proportion : as the whole number of nadis in a day (sixty) is to the inter- 
val of time in nadis, so is the circumference of the earth at the latitude 
of the point of observation to the distance of that point from the prime 
meridian, measured on the parallel. Thus, for instance, the distance of 
TJjjayini from Greenwich, in time, being 5 h 3 m 8 s , and that of Washing- 
ton from Greenwich 5 h 8 m 11 s (Am. Naut. Almanac), that of Ujjayini 
from Washington is 10 h 11™ 19 s , or, in Hindu time, 25 n 28 T 1P.8, or 
25 n .4718 : and by the proportion 60 : 25.4718 : : 3936.75 : 1671.28, we 
obtain 1671.28 yojanas as the distance in longitude (def&ntara) of 
Washington from the Hindu meridian, the constant quantity to be em- 
ployed in finding the mean places of the planets at Washington. 

We might have expected that calculators so expert as the Hindus 
would employ the interval of time directly in making the correction for 
difference of longitude, instead of reducing it first to its value in yojanas. 
That they did not measure longitude in our manner, in degrees, etc., is 
owing to the fact that they seem never to have thought of applying to. 
the globe of the earth the system of measurement by circles and divi- 
sions of circles which they used for the sphere of the heavens, but, even 
when dividing the earth into zones (see below, xiL 59-66) reduced all 
their distances laboriously to yojanas. 

66. The succession of the week-day (vara) takes place, to the> 
east of the meridian, at a time after midnight equal to the differ- 
ence of longitude in nMis ; to the west of the meridian, at a 
corresponding time before midnight. 
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This verse appears to us to be an astrological precept, asserting the 
regency of the sun and the other planets, in their order, over the suc- 
cessive portions of time assigned to each, to begin everywhere at the 
same instant of absolute time, that of their true commencement upon 
the prime meridian ; so that, for instance, at Washington, Sunday, as 
the day placed under the guardianship of the sun, would really begin at 
eleven minutes before two on Saturday afternoon, by local time. The 
commentator, however, sees in it merely an intimation of what moment 
of local time, in places east and west of the meridian, corresponds to 
the true beginning of the day upon the prime meridian, and he is at 
much pains to defend the verse from the charge of being superfluous 
and unnecessary, to which it is indeed liable, if that be its only meaning. 

The rules thus far given have directed us only how to find the mean 
places of the planets at a given midnight. The following verse teaches 
the method of ascertaining their position at any required hour of the 
day. 

67. Multiply the mean daily motion of a planet by the number 
of n&dis of the time fixed upon, and divide by sixty : subtract 
the quotient from the place of the planet, if the time be before 
midnight ; add, if it be after : the result is its place at the given 
time. 

The proportion is as follows : as the number of nadis in a day (sixty) 
is to those in the interval between midnight and the time for which the 
mean place of the planet is sought, so is the whole daily motion of the 
planet to its motion during the interval ; and the result is additive or 
subtractive, of course, according as the time fixed upon is after or before 
midnight. 

In order to furnish a practical test of the accuracy of this text-book 
of astronomy, and of its ability to yield correct results at the present 
time, we have calculated, by the rule given in this verse, the mean longi- 
tudes of the planets for a time after midnight of the first of January, 
1860, on the meridian of Ujjayinl, which is equal to the distance in 
time of the meridian of Washington, viz. 25" 28 v 1P.8, or d .42453 ; and 
we present the results in the annexed table. The longitudes are given 
as reckoned from the vernal equinox of that date, which we make to be 
distant 18° 5' 8".25 from the point established by the Surya-Siddhanta 
as the beginning of the Hindu sidereal sphere ; this is (see below, chap, 
viii) 10' east of £ Piscium. We have ascertained the mean places both 
as determined by the text of our Siddhanta, and by the same with the 
correction of the bija. Added are the actual mean places at the time 
designated : those of the primary planets have been found from Le Ver- 
rier's elements, presented in Biot's treatise, as cited above ;* those of 
the moon, and of her apsis and node, were kindly furnished us from the 
office of the American Nautical Almanac, at Cambridge. 



* "We would warn our readers, however, of a serious error of the press in the 
table as given by Biot ; as the yearly motion of the earth, read 1,295,977.38, instead 
of . . . 972.38. 
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Mean Longitudes of the Planets, Jan, 1st, 1860, midnight, at Washington. 



Planet. 


According 


to Siirya-Siddhanta : 


According to 


text. 




with blja. 


moderns. 


Sun, 


96 18 


21 


96 18 21 


100 5 6 


Mercury, 


i55 2 


3o 


1 48 25 39 


i5i 28 20 


Venus, 


33 9 54 


55 


334 57 18 


336 i3 36 


Mars, 


192 36 


5 


192 36 5 


197 26 32 


Jupiter, 


104 7 


22 


100 48 56 


io3 35 17 


Saturn, 


128 17 


11 


1 33 i4 49 


137 10 10 


Moon, 


9 4 


9 


949 


12 41 23 


" apsis, 


327 5o 


24 


326 11 11 


326 47 35 


" node, 


3i2 29 


5i 


3 10 5o 38 


3i2 48 10 



In the next following table is farther given a view of the errors of the 
Hindu determinations — both the absolute errors, as compared with the 
actual mean place of each planet, and the relative, as compared with 
the place of the sun, to which it is the aim of the Hindu astronomical 
systems to adapt the elements of the other planets. Annexed to each 
error is the approximate date at which it was nothing, or at which it 
will hereafter disappear, ascertained by dividing the amount of present 
error by the present yearly loss or gain, absolute or relative, of each 
planet ; excepting in the case of the moon, where we have made allow- 
ance, according to the formula used by the American Nautical Almanac, 
for the acceleration of her motion. 

Errors of the Mean Longitudes of the Planets, as calculated according to 
the Surya- Siddhanta. 





Errors according to text : 


The same, with btja : 


Planet. 


absolute. 


when 
correct. 


rel. to sun. 


when 
correct 


absolute. 


when 
correct. 


rel. to sun. 


when 
correct. 




. ,. 


A. V. 


„ , ,. 


A. D. 


, , ,, 


A. D. 


. , ,, 


AD. 


Sun, 


-3 46 45 


25o 


OOO 




-3 46 45 


25o 


OOO 


.... 


Mercury, 


+3 34 10 


233i 


+7 20 55 


3271 


-3 2 41 


l5. 7 


+0 44 5 


1970 


Venus, 


+3 41 19 


1222 


+7 28 4 


941 


-1 16 18 


2126 


+2 3o 27 


i5o9 


Mars, 


-4 5o 27 


886 


-1 3 42 


i455 


-4 5o 27 


886 


-1 3 42 


i455 


Jupiter, 


+0 32 5 


i5 7 . 


+4 18 5o 


832 


-2 46 21 


4203 


+1 24 


i5 7 5 


Saturn, 


-8 52 59 


666 


-5 6 14 


85 7 


-3 55 21 


I25o 


-0 8 36 


1825 


Moon, 


-3 37 x<S 


n5 


+0 9 3i 


1067 


-3 37 i4 


n5 


+0 9 3i 


1067 


" apsis, 


+ 1 2 49 


1679 


+4 49 34 


1252 


-0 36 24 


1969 


+3 10 21 


•45 9 


" node, 


-0 18 19 


1976 


+3 28 26 


1 162 


-1 57 32 


2714 


+1 49 i3 


i468 



To complete the view of the planetary motions, and the statement of 
the elements requisite for ascertaining their position in the sky, it only 
remains to give the movement in latitude of each, its deviation from the 
general planetary path of the ecliptic. This is done in the concluding 
verses of the chapter. 

68. The moon is, by its node, caused to deviate from the limit of 
its declination Qcranti), northward and southward, to a distance, 
when greatest, of an eightieth part of the minutes of a circle ; 
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69. Jupiter, to the ninth part of that multiplied by two; 
Mars, to the same amount multiplied by three ; Mercury, Venus, 
and Saturn are by their nodes caused to deviate to the same 
amount multiplied by four. 

70. So also, twenty -seven, nine, twelve, six, twelve, and twelve, 
multiplied respectively by ten, give the number of minutes of 
mean latitude (vikshepa) of the moon and the rest, in their order. 

The deviation of the planets from the plane of the ecliptic is here 
stated in two different ways, which give, however, the same results ; 
thus : 

21600' 



Moon, 


80 = 27 ° 


or 


27' X 10 = 270" = 4° 3o' 


Mars, 


270' 

-^-X 3 = 90' 
9 


or 


9' X 10 = 90' = i° 3o' 


Mercury, 


270' 

— X4 = 120' 
9 


or 


12' X 10 = 120' = 2° 


Jupiter, 


■270' . , 
-!— X 2 = 60' 
9 


or 


6' X to = 60' = i° 


Venus, 


270' 

-£-X4 = 120' 


or 


12' x 10 = 120' = 2° 


Saturn, 


270' 

— X4= 120' 
9 


or 


12' X 10 r= 120' = 2° 



The subject of the latitude of the planets is completed in verses 6-8, 
and verse 57, of the following chapter;' the former passage describes 
the manner, and indicates the direction, in which the node produces its 
disturbing effect ; the latter gives the rule for calculating the apparent 
latitude of a planet at any point in its revolution. 

There is a little discrepancy between the two specifications presented 
in these verses, as regards the description of the quantities specified : 
the one states them to be the amounts of greatest (parama) deviation 
from the ecliptic ; the other, of mean (madhi/a) deviation. Both de- 
scriptions are also somewhat inaccurate. The first is correct only with 
reference to the moon, and the two terms require to be combined, in 
order to be made applicable to the other planets. The moon has its 
greatest latitude at 90° from its node, and this latitude is obviously 
equal to the inclination of its orbit to the ecliptic ; for although its 
absolute distance from the ecliptic at this point of its course varies, as 
does its distance from the earth, on account of the eccentricity of its 
orbit, and the varying relation of the line of its apsides to that of its 
nodes, its angular distance remains unchanged. So, to an observer sta- 
tioned at the sun, the greatest latitude of any one of the primary planets 
would be the same in its successive revolutions from node to node, 
and equal to the inclination of its orbit. But its greatest latitude as 
Been from the earth is very different in different revolutions, both on 
account of the difference of its absolute distance from the ecliptic 
when at the point of greatest removal from it in the two halves of its 
orbit, and, much more, on account of its varying distance from the earth. 
The former of these two causes of variation was not recognized by the 
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Hindus : in this treatise, at least, the distance of the node from the 
apsis (mandocca) is not introduced as an element into the process for 
determining a planet's latitude. The other cause of variation is duly 
allowed for (see below, ii. 57). Its effect, in the case of the three supe- 
rior planets, is to make their greatest latitude sometimes greater, and 
sometimes less, than the inclination of their orbits, according as the 
planet is nearer to us than to the sun, or the contrary ; hence the values 
given in the text for Mars, Jupiter, and Saturn, as they represent the 
mean apparent values, as latitude, of the greatest distance of each planet 
from the ecliptic, should nearly equal the inclination. In the case of 
Mercury and Venus, also, the quantities stated are the mean of the differ- 
ent apparent values of the greatest heliocentric latitude, but this mean 
is of course less, and for Mercury very much less, than the inclination. 
Ptolemy, in the elaborate discussion of the theory of the latitude con- 
tained in the thirteenth book of his Syntaxis, has deduced the actual 
inclination of the orbits of the two inferior planets : this the Hindus do 
not seem to have attempted. 

We present below a comparative table of the inclinations of the 
orbits of the planets as determined by Ptolemy and by modern astrono- 
mers, with those of the Hindus, so far as given directly by the Surya- 
Siddhanta. 

Inclination of the Orbits of the Planets, according to Different Authorities. 



Planet. 


Surya-SiddMnta. 


Ptolemy. 


Moderns. 


Mercury, 

Venus, 

Mars, 

Jupiter, 

Saturn, 

Moon, 


t 3o 

i 

2 

4 3o 


7 

3 3o 

i 

i 3o 

2 3o 

5 


708 
3 23 3i 
1 5i 5 

1 18 4o 

2 29 28 
5 8 40 



The verb in verses 63 and 69, which we have translated "caused to 
deviate," is vi kshipyate, literally " is hurled away," disjicitur ; from it is 
derived the term used in this treatise to signify celestial latitude, vikshe- 
pa, "disjection." The Hindus measure the latitude, however, as we 
shall have occasion to notice more particularly hereafter, upon a circle 
of declination, and not upon a secondary to the ecliptic. In the words 
chosen to designate it is seen the influence of the theory of the node's 
action, as stated in the first verses of the next chapter. The forcible 
removal is from the point of declination (kr&nti, " gait," or apakrama, 
" withdrawal," i. e., from the celestial equator) which the planet ought 
at the time to occupy. 

The title given to this first chapter (adhikara, "subject, heading") is 
madhyamadhikara, which we have represented in the title by " mean 
motions of the planets," although it would be more accurately rendered 
by " mean places of the planets ;" that is to say, the data and methods 
requisite for ascertaining their mean places. Now follows the spashtA- 
dhikara, " chapter of the true, or corrected, places of the planets,," 
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CHAPTER II. 

OF THE TRUE PLACES OF THE PLANETS. 

Contents :— 1-3, causes of the irregularities of the planetary motions ; 4-5, disturb- 
ing influence of the apsis and conjunction; 6-8, of the node; 9-11, different 
degree of irregularity of the motion of the different planets; 12-13, different 
kinds of planetary motion; 14, purpose of this chapter; 15-16, rule for con- 
structing the table of sines; 17-22, table of sines; 22-27, table of versed sines ; 
28, inclination of the ecliptic, and rule for finding the declination of any point in 
it; 29-30, to find the sine and cosine of the anomaly; 31-32, to find, by interpo- 
lation, the sine or versed sine corresponding to any given arc; 33, to find, in like 
manner, the arc corresponding to a given sine or versed sine ; 34-37, dimensions 
of the epicycles of the planets ; 38, to find the true dimensions of the epicycle at 
any point in the orbit ; 39, to find the equation of the apsis, or of the centre ; 
40-42, to find the equation of the conjunction, or the annual equation ; 43-45, 
application of these equations in finding the true places of the different planets ; 
46, correction of the place of a planet for difference between mean and apparent 
solar time; 47-49, how to correct the daily motion of the planets for the effect of 
the apsis; 50-51, the same for that of the conjunction; 51-55, retrogradation of 
the lesser planets ; 56, correction of the place of the node ; 57-58, to find the celes- 
tial latitude of a planet, and its declination as affected by latitude ; 59, to find the 
length of the day of any planet; 60, to find the radius of the diurnal circle; 
61-63, to find the day-sine, and the respective length of the day and night ; 64, 
to find the number of asterisms traversed by a planet, and of days elapsed, since 
the commencement of the current revolution ; 65, to find the yoga ; 66, to find 
the current lunar day, and the time in it of a given instant ; 67-69, of the divisions 
of the lunar month called karana. 

1. Forms of Time, of invisible shape, stationed in the zodiac 
(bhagana), called the conjunction (gighrocca), apsis (mandocca), 
and node (pdta), are causes of the motion of the planets. 

2. The planets, attached to these beings by cords of air, are 
drawn away by them, with the right and left hand, forward or 
backward, according to nearness, toward their own place. 

8. A wind, moreover, called provector (pravaka) impels them 
toward their own apices (ucca) ; being drawn away forward and 
backward, they proceed by a varying motion. 

4. The so-called apex (ucca), when in the half-orbit in front of 
the planet, draws the planet forward ; in like manner, when in 
the half-orbit behind the planet, it draws it backward. 

5. When the planets, drawn away by their apices (ucca), move 
forward in their orbits, the amount of the motion so caused is 
called their excess (dhana) ; when they move backward, it is 
called their deficiency (rna). 

In these verses is laid before us the Hindu theory of the general 
nature of the forces which produce the irregularities, of the apparent 
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motions, regarded as being the real motions, of the planets. The world- 
wide difference between the spirit of the Hindu astronomy and that of 
the Greek is not less apparent here than in the manner of presentation 
of the elements in the last chapter : the one is purely scientific, devis- 
ing methods for representing and calculating the observed motions, and 
attempting nothing farther ; the other is not content without fabricating 
a fantastic and absurd theory respecting the superhuman powers which 
occasion the movements with which it is dealing. The Hindu method 
has this convenient peculiarity, that it absolves from all necessity of 
adapting the disturbing forces to one another, and making them form 
one consistent system, capable of geometrical representation and mathe- 
matical demonstration ; it regards the planets as actually moving in 
circular orbits, and the whole apparatus of epicycles, given later in 
the chapter, as only a device for estimating the amount of the force, 
and of its resulting motion, exerted at any given point by the disturb- 
ing cause. 

The commentator gives two different explanations of the provector 
wind, spoken of in the third verse : one, that it is the general current, 
mentioned below, in xii. 13, as impelling the whole firmament of stars, 
and which, though itself moving westward, drives the planets, in some 
unexplained way, towards its own apex of motion, in the east ; the 
other, that a separate vortex for each planet, called provector on account 
of its analogy with that general current, although not moving in the 
same direction, carries them around in their orbits from west to east, 
leaving only the irregularities of their motion to be produced by the 
disturbing forces. This latter we regard as the proper meaning of the 
text : neither is very consistent with the theory of the lagging behind 
of the planets, given above, in i. 25, 26, as the explanation of their 
apparent eastward motion. The commentary also states more explicitly 
the method of production of the disturbance : a cord of air, equal in 
length to the orbit of each planet less the disk of the latter itself, is 
attached to the extremities of its diameter, and passes through the two 
hands of the being stationed at the point of disturbance ; and he always 
draws it toward himself by the shorter of the two parts of the cord. 
The term ucca, which we have translated " apex," applies both to the 
apsis (manda, mandocca, "apex of slowest motion" — the apogee in the 
case of the sun and moon, the aphelion, though not recognized as such, 
in the case of the other planets), and to the conjunction (fighra, ftgh- 
rocca, "apex of swiftest motion"). The statement made of the like 
effect of the two upon the motion of the planet is liable to cause diffi- 
culty, if it be not distinctly kept in mind that the Hindus understand 
by tie influence of the disturbing cause, not its acceleration and retarda- 
tion of the rate of the planet's motion, but its effect in giving to the 
planet a position in advance of, or behind, its mean place. It may be 
well, for the sake of aiding some of our readers to form a clearer appre- 
hension of the Hindu view of the planetary motions, to expand and 
illustrate a little this statement of the effect upon them of the two 
principal disturbing forces. 

First, as regards the apsis. This is the remoter extremity of the major 
axis of the planet's proper orbit, and the point of its slowest motion. 
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Upon passing this point, the planet begins to fall behind its mean place, 
but at the same time to gain velocity, so that at the quadrature it is 
farthest behind, but is moving at its mean rate ; during the next quad- 
rant it gains both in rate of motion and in place, until at the perigee, or 
perihelion, it is moving most rapidly, and has made up what it before 
lost, so that the mean and true places coincide. Upon passing that point 
again, it gains upon its mean place during the first quadrant, and loses 
what it thus gained during the second, until mean and true place again 
coincide at the apsis. Thus the equation of motion is greatest at the 
apsides, and nothing at the quadratures, while the equation of place is 
greatest at the quadratures, and nothing at the apsides ; and thus the 
planet is always behind its mean place while passing from the higher to 
the lower apsis, and always in advance of it while passing from the 
lower to the higher ; that is, it is constantly drawn away from its mean 
place toward the higher apsis, mandocca. 

In treating of the effect of the conjunction, the fighrocca, we have to 
distinguish two kinds of cases. With Mercury and Venus (see above, 
i. 29, 31, 32), the revolution of the conjunction takes the place, in the 
Hindu system as in the Greek, of that of the planet itself, the conjunc- 
tion being regarded as making the circuit of the zodiac in the same 
time, and in the same direction, as the planet really revolves about the 
sun ; while the mean place of these planets is always that of the sun 
itself. While, therefore, the conjunction is making the half-tour of the 
heavens eastward from the sun, the planet is making its eastward elon- 
gation and returning to the sun again, being all the time in advance 
of its mean place, the sun ; when the conjunction reaches a point in the 
heavens opposite to the sun, the planet is in its inferior conjunction, or 
at its mean place ; during the other half of the revolution of the con- 
junction, when it is nearest the planet upon the western side, the latter 
is making and losing its western elongation, or is behind its mean place. 
Accordingly, as stated in the text, the planet is constantly drawn away 
from its mean place, the sun, toward that side of the heavens in which 
the conjunction is. 

Once more, as concerns the superior planets. The revolutions as- 
signed to these by the Hindus are their true revolutions ; their mean 
places are their mean heliocentric longitudes ; and the place of the con- 
junction (fiffhrocca) of each is the mean place of the sun. Since they 
move but slowly, as compared with the sun, it is their conjunction 
which approaches, overtakes, and passes them, and not they the con- 
junction. Their time of slowest motion is when in opposition with the 
sun ; of swiftest, when in conjunction with him : from opposition on to 
conjunction, therefore, or while the sun is approaching them from be- 
hind, they are, with constantly increasing velocity of motion, all the 
while behind their mean places, or drawn away from them in the direc- 
tion of the sun ; but no sooner has the sun overtaken and passed them, 
than they, leaving with their most rapid motion the point of coinci- 
dence between mean and true place, are at once in advance, and con- 
tinue to be so until opposition is reached again ; that is to say, they 
are still drawn away from their mean place in the direction of the 
conjunction. 

vol. vi. 25 



194 E. Burgess, etc., [ii. 5- 

The words used in verse 5 for " excess " and " deficiency," or for addi- 
tive and subtractive equation, mean literally "wealth" (dhana) and 
"debt" (rna). 

6. In like manner, also, the node, Eahu, by its proper force, 
causes the deviation in latitude (vikshepa) of the moon and the 
other planets, northward and southward, from their point of 
declination (apaJcrama). 

7. When in the half-orbit behind the planet, the node causes 
it to deviate northward ; when in the half-orbit in front, it draws 
it away southward. 

8. In the case of Mercury and Venus, however, when the 
node is thus situated with regard to the conjunction (gtghra), 
these two planets are caused to deviate in latitude, in the manner 
stated, by the attraction exercised by the node upon the con- 
junction. 

The name Eahu, by which the ascending node is here designated, is 
properly mythological, and belongs to the monster in the heavens, which, 
by the ancient Hindus, as by more than one other people, was believed 
to occasion the eclipses of the sun and moon by attempting to devour 
them. The word which we have translated "force" is ranhas, more 
properly " rapidity, violent motion : " in employing it here, the text evi- 
dently intends to suggest an etymology for r&hu, as coming from the root 
rah or rank, "to rush on": with this same root "Weber (Ind. Stud. i. 
272) has connected the group of words in which r&hu seems to belong. 
For the Hindu fable respecting Rahu, see Wilson's Vishnu Purana, p. 78. 
The moon's descending node was also personified in a similar way, under 
the name of Ketu, but to this no reference is made in the present treatise. 

The description of the effect of the node upon the movement of the 
planet is to be understood, in a manner analogous with that of the effect 
of the apices in the next preceding passage, as referring to the direction 
in which the planet is made to deviate from the ecliptic, and not to that 
in which it is moving with reference to the ecliptic. From the ascending 
node around to the descending, of course, or while the node is nearest to 
the planet from behind, the latitude is northern ; in the other half of the 
revolution it is southern. 

For an explanation of some of the terms used here, see the note to the 
last passage of the preceding chapter. 

As, in the case of Mercury and Venus, the revolution of the conjunc- 
tion takes the place of that of the planet itself in its orbit, it is necessary, 
in order to give the node its proper effect, that it be made to exercise 
its influence upon the planet through the conjunction. The commen- 
tator gives himself here not a little trouble, in the attempt to show why 
Mercury and Venus should in this respect constitute an exception to the 
general rule, but without being able to make out a very plausible case. 

9. Owing to the greatness of its orb, the sun is drawn away 
only a very little ; the moon, by reason of the smallness of its 
orb, is drawn away much more ; 
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10. Mars and the rest, on account of their small size, are, by 
the supernatural beings (ddivata) called conjunction (gighrocca) 
and apsis (mandocca), drawn away very far, being caused to 
vacillate exceedingly. 

11. Hence the excess (dhana) and deficiency (rna) of these 
latter is very great, according to their rate of motion. Thus do 
the planets, attracted by those beings, move in the firmament, 
carried on by the wind. 

The dimensions of the sun and moon are stated below, in iv. 1 ; those 
of the other planets, in vii. 13. 

We have ventured to translate ativegita, at the end of the tenth verse, 
as it is given above, because that translation seemed so much better to 
suit the requirements of the sense than the better-supported rendering 
" caused to move with exceeding velocity." In so doing, we have assumed 
that the noun vega, of which the word in question is a denominative, re- 
tains something of the proper meaning of the root vij, " to tremble," 
from which it comes. 

12. The motion of the planets is of eight kinds : retrograde 
(vakra), somewhat retrograde (anuvakra), transverse Qcutila), 
slow (manda), very slow (mandatara), even (sama) ; also, very 
swift ($ghratara), and swift (gighra). 

13. Of these, the very swift (atigtghra), that called swift, the 
slow, the very slow, the even — all these five are forms of the 
motion called direct (rju) ; the somewhat retrograde is retrograde. 

This minute classification of the phases of a planet's motion is quite 
gratuitous, so far as this Siddhanta is concerned, for the terms here given 
do not once occur afterward in the text, with the single exception of 
vakra, which, with its derivatives, is in not infrequent use to designate 
retrogradation. Nor does the commentary take the trouble to explain 
the precise differences of the kinds of motion specified. According to 
Mr. Hoisington (Oriental Astronomer [Tamil and English], Jaffna: 1848, 
p. 133), anuvakra is applied to the motion of a planet, when, in retro- 
grading, it passes into a preceding sign. From the classification given in 
the second of the two verses it will be noticed that kutila is omitted : ac- 
cording to the commentator, it is meant to be included among the forms 
of retrograde motion ; we have conjectured, however, that it might possi- 
bly be used to designate the motion of a planet when, being for the 
moment stationary in respect to longitude, and accordingly neither ad- 
vancing nor retrograding, it is changing its latitude ; and we have trans- 
lated the word accordingly. 

14. By reason of this and that rate of motion, from day to 
day, the planets thus come to an accordance with their observed 
places (drg) — this, their correction (sphuttkarccna), I shall care- 
fully explain. 

Having now disposed of matters of general theory and preliminary 
explanation, the proper subject of this chapter, the calculation of the true 
(sphuta) from the mean places of the different planets, is ready to be 
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taken up. And the first thing in order is the table of sines, by means of 
which all the after calculations are performed. 

15. The eighth part of the minutes of a sign is called the first 
sine (jydrdha) ; that, increased by the remainder left after sub- 
tracting from it the quotient arising from dividing it by itself, is 
the second sine. 

16. Thus, dividing the tabular sines in succession by the first, 
and adding to them, in each case, what is left after subtracting 
the quotients from the first, the result is twenty-four tabular 
sines (jydrdhapinda), in order, as follows : 

17. Two hundred and twenty-five; four hundred and forty- 
nine ; six hundred and seventy-one ; eight hundred and ninety ; 
eleven hundred and five ; thirteen hundred and fifteen ; 

18. Fifteen hundred and twenty; seventeen hundred and nine- 
teen ; nineteen hundred and ten ; two thousand and ninety -three ; 

19. Two thousand two hundred and sixty-seven ; two thous- 
and four hundred and thirty-one ; two thousand five hundred 
and eighty -five ; two thousand seven hundred and twenty -eight ; 

20. Two thousand eight hundred and fifty-nine ; two thousand 
nine hundred and seventy -eight ; three thousand and eighty- 
four ; three thousand one hundred and seventy-seven ; 

21. Three thousand two hundred and fifty-six ; three thousand 
three hundred and twenty-one ; three thousand three hundred 
and seventy-two ; three thousand four hundred and nine ; 

22. Three thousand four hundred and thirty-one ; three thous- 
and four hundred and thirty-eight. Subtracting these, in re- 
versed order, from the half-diameter, gives the tabular versed- 
sines (utkramajydrdhapindaka) : 

23. Seven ; twenty-nine ; sixty-six ; one hundred and seven- 
teen ; one hundred and eighty-two ; two hundred and sixty-one ; 
three hundred and fifty -four ; 

24. Four hundred and sixty ; five hundred and seventy-nine ; 
seven hundred and ten; eight hundred and fifty-three; one 
thousand and seven ; eleven hundred and seventy-one ; 

25. Thirteen hundred and forty-five; fifteen hundred and 
twenty-eight ; seventeen hundred and nineteen ; nineteen hund- 
red and eighteen ; 

26. Two thousand one hundred and twenty -three ; two thous- 
and three hundred and thirty-three ; two thousand five hundred 
and forty-eight ; two thousand seven hundred and sixty-seven ; 

27. Two thousand nine hundred and eighty -nine ; three thous- 
and two hundred and thirteen ; three thousand four hundred and 
thirty -eight : these are the versed sines. 

We first present, in the following table, in a form convenient for refer- 
ence and use, the Hindu sines and versed sines, with the arcs to which 
they belong, the latter expressed both in minutes and in degrees and 
minutes. To facilitate the practical use of the table in making calcula- 
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tions after the Hindu method, we have added a column of the differences 
of the sines, and have farther turned the sines themselves into decimal 
parts of the radius. For the purpose of illustrating the accuracy of the 
table, we have also annexed the true values of the sines, in minutes, as 
found by our modern tables. Comparison may also be made of the deci- 
mal column with the corresponding values given in our ordinary tables 
of natural sines. 
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The rule by which the sines are, in the text, directed to be found, may 
be illustrated as follows. Let s, s', s", «'", s"", etc., represent the succes- 
sive sines. The first of the series, s, is assumed to be equal to its arc, or 
225', from which quantity, as is shown in the table above, it differs only 
by an amount much smaller than the table takes any account of. Then 

s' = 3 +» 
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and so on, through the whole series, any fraction larger than a half being 
counted as one, and a smaller fraction being rejected. In the majority of 
cases, as is made evident by the table, this process yields correct results : 
we have marked in the column of " true sines" with a plus or minus sign 
such modern values of the sines as differ by more than half a minute 
from those assigned by the Hindu table. 

It is not to be supposed, however, that the Hindu sines were originally 
obtained by the process described in the text. That process was, in all 
probability, suggested by observing the successive differences in the values 
of the sines as already determined by other methods. Nor is it difficult 
to discover what were those methods ; they are indicated by the limita- 
tion of the table to arcs differing from one another by 3° 45', and by 
what we know in general of the trigonometrical methods of the Hindus. 
The two main principles, by the aid of which the greater portion of all 
the Hindu calculations are made, are, on the one hand, the equality of the 
square of the hypothenuse in a right-angled triangle to the sum of the 
squares of the other two sides, and, on the other hand, the proportional 
relation of the corresponding parts of similar triangles. The first of these 
principles gave the Hindus the sine of the complement of any arc of 
which the sine was already known, it being equal to the square root of 
the difference between the squares of radius and of the given sine. This 
led farther to the rule for finding the versed sine, which is given above in 
the text: it was plainly equal to the difference between the sine comple- 
ment and radius. Again, the comparison of similar triangles showed that 
the chord of an arc was a mean proportional between its versed sine and 
the diameter ; and this led to a method of finding the sine of half any 
arc of which the sine was known : it was equal to half the square root 
of the product of the diameter into the versed sine. That the Hindus 
had deduced this last rule does not directly appear from the text of this 
Siddhanta, nor from the commentary of Ranganatha, which is the one 
given by our manuscript and by the published edition ; but it is distinctly 
stated in the commentary which Davis had in his hands (As. Res. ii. 247) ; 
and it might be confidently assumed to be known upon the evidence of 
the table itself; for the principles and rules which we have here stated 
would give a table just such as the one here constructed. The sine 
of 90° was obviously equal to radius, and the sine of 30° to half radius : 
from the first could be found the sines of 45°, 22° 30', and 11° 15'; 
from the latter, those of 15°, 7° 30', and 3° 45'. The sines thus ob- 
tained would give those of the complementary arcs, or of 86° 15', 82° 
30', 78° 45', 75°, etc. ; and the sine of 75°, again, would give those of 
37° 30' and 18° 45'. By continuing the same processes, the table of sines 
would soon be made complete for the twenty-four divisions of the quad- 
rant ; but these processes could yield nothing farther, unless by intro- 
ducing fractions of minutes ; which was undesirable, because the symmetry 
of the table would thus be destroyed, and no corresponding advantage 
gained ; the table was already sufficiently extended to furnish, by inter- 
polation, the sines intermediate between those given, with all the accu- 
racy which the Hindu calculations required. 

If, now, an attempt were made to ascertain a law of progression for 
the series, and to devise an empirical rule by which its members might 
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be developed, the one from the other, in order, nothing could be more 
natural than to take the differences of the successive sines, and the differ- 
ences of those differences, as we have given them under the headings A' 
and A" in the annexed table. 

Hindu Sines, with their First and Second Differences. 
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With these differences before him, an acute observer could hardly fail 
to notice the remarkable fact that the differences of the second order in- 
crease as the sines ; and that each, in fact, is about the ^^th part of the 
corresponding sine. Now let the successive sines be represented by 0, *, 
s', s", s'", s"", and so on ; and let q equal -g^g, or | ; let the first differ- 
ences be d = s-0, d'=s'-s, d"=s"-s', d'"=s'"-s", etc. The sec- 
ond differences will be : — sq = d'— d, — s'q=d"— d', - s"q =.d'" — d", 
etc. These last expressions give 

d' = d — s q = s — sq 



Hence, also, 



d"=d' -s'q = 

d"'= d" — s"q=zs — sq - s'q 



sq — s'q 

- s'a — s"q, etc. 



= s -J-rf' =s -f- $ - sq 

= s' + d" = s' + s — sq — s'q 



s'"=s"+d'"=s"+s -sq- s'q- s"q, 

and so on, according to the rule given in the text. 

That the second differences in the values of the sines were proportional 
to the sines themselves, was probably known to the Hindus only by ob- 
servation. Had their trigonometry sufficed to demonstrate it, they might 
easily have constructed a much more complete and accurate table of 
sines. We add the demonstration given by Delambre (Histoire de l'As- 
tronomie Ancienne, i. 458), from whom the views here expressed have 
been substantially taken. 

Let a be any arc in the series, and put 3° 45' = n. Then sin (a— n), 
sin a, sin (a -j- »), will be three successive terms in the series : sin 
a— sin (a— n), and sin (« + «) — sin a, will be differences of the first 
order ; and their difference, sin (a + n) -f- sin (a — n) — 2 sin a, will 
be a difference of the second order. But this last expression, by virtue 
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of the formula R sin (a ± ri) = sin a cos n ± cos a sin n, reduces to 

• /COS «. \ . rrn • 

2 sin a cos » —- R — 2 sin a, or 21 — 1 1 sin a. That is to say, the 

second difference is equal to the product of the sine of the arc a into a 
certain constant quantity, or it varies as the sine. When n equals 3° 45', 
as in the Hindu table, it is easy to show, upon working out the last ex- 
pression by means of the tables, that the constant factor is, as stated by 
Delambre, j^-g-, instead of being ^J-^, as empirically determined by 
the Hindus. 

It deserves to be noticed, that the commentary of Ranganatha recog- 
nizes the dependence of the rule given in the text upon the value of the 
second differences. According to him, however, it is by describing a 
circle upon the ground, laying off the arcs, drawing the sines, and deter- 
mining their relations by inspection, that the method is obtained. The 
differences of the sines, he says, will be observed to decrease, while the 
differences of those differences increase ; and it will be noticed that the 
last second difference is 15' 16" 48'". A proportion is then made : if at 
the radius the second difference is of this value, what will it be at any 
sine? or, taking the first sine as an example, 3438' : 15' 16" 48'" : : 225 
: 1. Nothing can be clearer, however, than that this pretended result of 
inspection is one of calculation merely. It would be utterly impossible 
to estimate by the eye the value of a difference with such accuracy, and, 
were it possible, that difference would be found very considerably removed 
from the one here given, being actually only about 14' 45". The value 
15' 16" 48'" is assumed only in order to make its ratio to the radius 
exactly jyfj. 

The earliest substitution of the sines, in calculation, for the chords, 
which were employed by the Greeks, is generally attributed (see Whewell's 
History of the Inductive Sciences, B. III. ch. iv. 8) to the Arab astron- 
omer Albategnius (al-Battani), who flourished in the latter part of the 
ninth century of our era. It can hardly admit of question, however, 
that sines had. already at that time been long employed by the Hindus. 
And considering the derivation by the Arabs from India of their system 
of notation, and of so many of the elements of their mathematical 
science, it would seem not unlikely that the first hint of this so conveni- 
ent and practical improvement of the methods of calculation may also 
have come to them from that country. This cannot be asserted, however, 
with much confidence, because the substitution of the sines for the chords 
seems so natural and easy, that it may well enough have been hit upon 
independently by the Arabs ; it is a matter for astonishment, as remarked 
by Delambre (Histoire de l'Astronomie du Moyen Age, p. 12), that 
Ptolemy himself, who came so near it, should have failed of it. If 
Albategnius got the suggestion from India, he, at any rate, got no more 
than that. His table of sines, much more complete than that of the 
Hindus, was made from Ptolemy's table of chords, by simply halving them. 
The method, too, which in India remained comparatively barren, led to 
valuable developments in the hands of the Arab mathematicians, who 
went on by degrees to form also tables of tangents and co-tangents, secants 
and co-secants; while the Hindus do not seem to have distinctly appreci- 
ated the significance even of the cosine. 
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In this passage, the sine is called jy&rdha, " half-chord ; " hereafter, 
however, that term does not once occur, butjija '' chord " (literally " bow- 
string") is itself employed, as are also its synonyms jivd, maurvika, to 
denote the sine. The usage of Albategnius is the same. The sines of the 
table are called pinda, or jy&pinda, "the quantity corresponding to the 
sine." The term used for versed sine, utkramajya, means "inverse-order 
sine," the column of versed sines being found by subtracting that of 
sines in inverse order from radius. 

The ratio of the diameter to the circumference involved in the expres- 
sion of the value of radius by 3438' is, as remarked above (under i. 59, 
60), 1 : 3.14136. The commentator asserts that value to come from the 
ratio 1250 : 3927, or 1 : 3.1416, and it is, in fact, the nearest whole num- 
ber to the result given by that ratio. If the ratio were adopted which 
has been stated above (in i. 59), of 1 : \/10, the value of radius would be 
only 3415'. It is to be observed with regard to this latter ratio, that it 
could not possibly be the direct result of any actual process adopted for 
ascertaining the value of the diameter from that of the circumference, or 
the contrary. It was probably fixed upon by the Hindus because it 
looked and sounded well, and was at the same time a sufficiently near 
approximation to the truth to be applied in cases where exactness was 
neither attainable by their methods, nor of much practical consequence ; 
as in fixing the dimensions of the earth, and of the planetary orbits. 
The nature of the system of notation of the Hindus, and their constantly 
recurring extraction of square roots in their trigonometrical processes, 
would cause the suggestion to them, much more naturally than to the 
Greeks, of this artificial ratio, as not far from the truth ; and their science 
was just of that character to choose for some uses a relation expressed in 
a manner so simple, and of an aspect so systematical, even though known 
to be inaccurate. We do not regard the ratio in question, although so 
generally adopted among the Hindu astronomers, as having any higher 
value and significance than this. 

28. The sine of greatest declination is thirteen hundred and 
ninety-seven ; by this multiply any sine, and divide by radius ; 
the arc corresponding to the result is said to be the declination. 

The greatest declination, that is to say, the inclination of the plane of 
the ecliptic, is here stated to be 24°, 1397' being the sine of that angle. 
The true inclination in the year 300 of our era, which we may assume 
to have been not far from the time when the Hindu astronomy was 
established, was a little less than 23° 40', so that the error of the Hindu 
determination was then more than 20' : at present, it is 32' 34". The 
value assigned by Ptolemy (Syntaxis, i) to the inclination was between 
23° 50' and 23° 52' 30" ; an error, as compared with its true value in 
the time of Hipparchus, of only about 7'. 

The second half of the verse gives, in the usual vague and elliptical 
language of the treatise, the rule for finding the declination of any given 
point in the ecliptic. We have not in this case supplied the ellipses in 
our translation, because it could not be done succinctly, or without 
introducing an element, that of the precession, which possibly was not 
taken into account when the rule was made. See what is said upon this 
vol. vi. 26 
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subject under verses 9 and 10 of the next chapter. The "sine" em- 
ployed is, of course, the sine of the distance from the vernal equinox, or 
of the longitude as corrected by the precession. 

The annexed figure will explain the rule, and the method of its 
demonstration. 

Let ACE represent a quadrant of the plane of the equatorial, and 
A C G a quadrant of that of the ecliptic, A C being the line of their 
intersection : then AP is the equinoctial colure, PE the solstitial, GE, 
or the angle G C E, the inclination of the ecliptic, or the greatest decli- 
nation (paramtipakrama, or paramakranti), and GD its sine (parama- 
krantijya). Let S be the position of the sun, and draw the circle of 
declination P II ; S H, or the angle 
S C H, is the declination of the sun 
at that point, and S F the sine of I 
declination (hrantijya). From S and 
F draw S B and F B at right angles 
to A C ; then S B is the sine of the 
arc A S, or of the sun's longitude. 
But GOD and 8BF are similar 
right-angled triangles, having their 
angles at C and B each equal to the 
inclination. Therefore C G : G D : : 

SB.-SF; and SF= GD * — ; 
O G 

. .... sin incl.Xsin long. 

that is, sm decl. = — — • 

K 

The same result is, by our modern 

methods, obtained directly from the formula in right-angled spherical 

trigonometry: sinc=sinet sinC; or, in the triangle ASH, right-angled 

at II, sin- S II = sin S A sin S A II. 

29. Subtract the longitude of a planet from that of its apsis 
(mandocca) ; so also, subtract it from that of its conjunction 
(gighra); the remainder is its anomaly (Jcendra); from that is 
found the quadrant (pada) ; from this, the base-sine (bhujajyd), 
and likewise that of the perpendicular (Jcoti). 

30. In an odd (vishama) quadrant, the base-sine is taken from 
the part past, the perpendicular from that to come ; but in an 
even (yugma) quadrant, the base-sine (bdhujyd) is taken from 
the part to come, and the perpendicular-sine from that past. 

The distance of a planet from either of its two apices of motion, or 
centres of disturbance, is called its Jcendra ; according to the comment- 
ary, its distance from the apsis (mandocca) is called mandakendra, and 
that from the conjunction (gighrocca) is called fighrakendra : the Surya- 
Siddhanta, however, nowhere has occasion to employ these terms. The 
former of the two corresponds to what in modern astronomy is called 
the anomaly, the latter to what is known as the commutation. The 
word kendra is not of Sanskrit origin, but is the Greek xivtqov ; it is a 
circumstance no less significant to meet with a Greek word thus at the 
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very foundation of the method of calculating the true place of a planet 
by means of a system of epicycles, than to find one, as noticed above 
(under i. 52), at the base of the theory of planetary regency upon which 
depend the names and succession of the days of the week. Both 
anomaly and commutation, it will be noticed, are, according to this 
treatise, to be reckoned always forward from the planet to its apsis and 
conjunction respectively ; excepting that, in the case of Mercury and 
Venus, owing to the exchange with regard to those planets of the place 
of the planet itself with that of its conjunction, the commutation is 
really reckoned the other way. The functions of any arc being the 
same with those of its negative, it makes no difference, of course, 
whether the distance is measured from the planet to the apex (ucca), or 
from the apex to the planet. 

The quantities actually made use of in the calculations which are to 
follow are the sine and cosine of the anomaly, or of the commutation. 
The terms employed in the text require a little explanation. Bhuja 
means " arm ;" it is constantly applied, as are its synonyms bahu and 
dos, to designate the base of a right-angled triangle ; fcoti is properly 
"a recurved extremity," and, as used to signify the perpendicular in 
such a triangle, is conceived of as being the end of the bhvja, or base, 
bent up to an upright position : hhnjajyti and kotijya, then, are literally 
the values, as sines, of the base and perpendicular of a right-angled 
triangle of which the hypothemise is made radius : owing to the relation 
to one another of the oblique angles of such a triangle, they are re- 
spectively as sine and cosine. Wc have not been willing to employ 
these latter terms in translating them, because, as before remarked, the 
Hindus do not seem to have conceived of the cosine, the sine of the 
complement, of an arc, as being a function of the arc itself. 

To find the sine and cosine of the planet's distance from either of its 
apices (ucca) is accordingly the pj„ 2 . 

object of the directions given in 
verse 30 and the latter part of 
the preceding verse. The rule 
itself is only the awkward Hindu 
method of stating the familiar 
truth that the sine and cosine of 
an arc and of its supplement are 
equal. The accompanying figure 
will, it is believed, illustrate the 
Hindu manner of looking at the 
subject. Let P be the place of a 
planet, and divide its orbit into 
the four quadrants P Q, Q R, R S, 
and S P ; the first and third of 
these are called the odd (vishama) 
quadrants; the second and fourth, 
the even (yugrna) quadrants. Let A, B, C, and D, be four positions of 
the apsis (or of the conjunction); then the arcs PA, PQB, PQRC, 
PQRSD will be the values of the anomaly in each case. AM, the 
base-sine, or sine of anomaly, when the apsis is in the first quadrant, is 
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determined by the arc A P, the arc passed over in reckoning the anom- 
aly, while AG or E M, the perpendicular-sine, or cosine, is taken from 
the arc A Q, the remaining part of the quadrant. The same is true in 
the other odd quadrant, R S ; the sine C H, or E L, comes from R C, 
the part of the quadrant between the planet and the apsis; the cosine 
C L is from its complement. But in the even quadrants, Q R and S P, 
the case is reversed ; the sines, B H, or E F, and D M, are determined by 
the arcs B R and D P, the parts of the quadrant not included in the 
anomaly, and the cosines, B F and K D, or E M, correspond to the other 
portions of each quadrant respectively. 

This process, of finding what portion of any arc greater than a quad- 
rant is to be employed in determining its sine, is ordinarily called in 
Hindu calculations " taking the bhvja of an arc." 

31. Divide the minutes contained in any arc by two hundred 
and twenty -five ; the quotient is the number of the preceding 
tabular sine (jydpindaka). Multiply the remainder by the differ- 
ence of the preceding and following tabular sines, and divide 
by two hundred and twenty-five ; 

32. The quotient thus obtained add to the tabular sine called 
the preceding ; the result is the required sine. The same method 
is prescribed also with respect to the versed sines. 

33. Subtract from any given sine the next less tabular sine ; 
multiply the remainder by two hundred and twenty-five, and 
divide by the difference between the next less and next greater 
tabular sines ; add the quotient to the product of the serial num- 
ber of the next less sine into two hundred and twenty -five : the 
result is the required arc. 

The table of sines and versed sines gives only those belonging to arcs 
which are multiples of 3° 45' ; the first two verses of this passage state 
the method of finding, by simple interpolation, the sine or versed sine 
of any intermediate arc ; while the third verse gives the rule for the 
contrary process, for converting any given sine or versed sine in the 
same manner into the corresponding arc. 

In illustration of the first rule, let us ascertain the sine corresponding 
to an arc of 24°, or 1440'. Upon dividing the latter number by 225, 
we obtain the quotient 6, and the remainder 90'. This preliminary step 
is necessary, because the Hindu table is not regarded as containing any 
designation of the arcs to which the sines belong, but as composed 
simply of the sines themselves in their order. The sine corresponding 
to the quotient obtained, or the sixth, is 1315': the difference between 
it and the next following sine is 205'. Now a proportion is made : if, 
at this point in the quadrant, an addition of 225' to the arc causes an 
increase in the sine of 205', what increase will be caused by an addition 
to the arc of 90' : that is to say, 225 : 205 : : 90 : 82. Upon adding the 
result, 82', to the sixth sine, the amount, 1397', is the sine of the given 
arc, as stated in verse 28. The actual value, it may be remarked, of 
the sine of 24°, is 1398'.26. 

The other rule is the reverse of this, and does not require illustration. 
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The extreme conciseness aimed at in the phraseology of the text, and 
not unfrequently carried by it beyond the limit of distinctness, or even 
of intelligibility, is well illustrated by verse 33, which, literally trans- 
lated, reads thus : " having subtracted the sine, the remainder, multi- 
plied by 225, divided by its difference, having added to the product of 
the number and 225, it is called the arc." In verse 31, also, the 
important word "remainder" is not found in the text. 

The proper place for this passage would seem to be immediately after 
the table of sines and versed sines : it is not easy to see why verses 
28-30 should have been inserted between, or indeed, why the subject of 
the inclination of the ecliptic is introduced at all in this part of the 
chapter, as no use is made of it for a long time to come. 

34. The degrees of the sun's epicycle of the apsis (manda- 
paridhi) are fourteen, of that of the moon, thirty-two, at the end 
of the even quadrants ; and at the end of the odd quadrants, 
they are twenty minutes less for both. 

35. At the end of the even quadrants, they are seventy-five, 
thirty, thirty-three, twelve, forty-nine ; at the odd (oja) they are 
seventy-two, twenty-eight, thirty-two, eleven, forty-eight, 

36. For Mars and the rest; farther, the degrees of the epi- 
cycle of the conjunction (gighra) are, at the end of the even 
quadrants, two hundred and thirty-five, one hundred and thirty- 
three, seventy, two hundred and sixty-two, thirty-nine ; 

37. At the end of the odd quadrants, they are stated to be 
two hundred and thirty-two, one hundred and thirty-two, 
seventy-two, two hundred and sixty, and forty, as made use of 
in the calculation for the conjunction (gighrakarman). 

38. Multiply the base-sine {bhujajyd) by the difference of the 
epicycles at the odd and even quadrants, and divide by radius 
(trijyd) ; the result, applied to the even epicycle (vrtta), and 
additive (dhana) or subtractive (rna), according as this is less or 
greater than the odd, gives the corrected (sphuta) epicycle. 

The corrections of the mean longitudes of the planets for the dis- 
turbing effect of the apsis (mandocca) and conjunction (fighrocca) of 
each — that is to say, for the effect of the ellipticity of theirorbits, and 
for that of the annual parallax, or of the motion of the earth in its 
orbit — are made in Hindu astronomy by the Ptolemaic method of epi- 
cycles, or secondary circles, upon the circumference of which the planet 
is regarded as moving, while the centre of the epicycle revolves about 
the general centre of motion. The details of the method, as applied by 
the Hindus, will be made clear by the figures and processes to be pre- 
sented a little later ; in this passage we have only the dimensions of the 
epicycles assumed for each planet. For convenience of calculation, they 
are measured in degrees of the orbits of the planets to which they 
severally belong; hence only their relative dimensions, as compared 
with the orbits, are given us. The data of the text belong to the planets 
in the order in which these succeed one another as regents of the days 
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of the week, viz., Mars, Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). The annexed table gives the dimensions of 
the epicycles, both their circumferences, which are presented directly 
by the text, and their radii, which we have calculated after the method 
of this Siddhanta, assuming the radius of the orbit to be 3438'. 

Dimensions of the Epicycles of the Planets. 





Epicycle of the apsis : 


Epicycle of tho conjunction : 


Planet. 


at even quadrant, 


at odd quadrant, 


at even quadrant, 


at odd quadrant, 




circ. 


rad. 


circ. 


rad. 


circ. 


rad. 


circ. 


rad. 


Sun, 


i4° 


i33'.70 


1 3" 4o' 


i3o'.52 


. . . . 





.... 




Moon, 


32° 


3o5'.6o 


31° &■ 


3o2'.42 







.... 





Mercury, 


3o" 


286'.5o 


28° 


267'.4o 


i33° 


i27o'.i5 


)32° 


126o' .60 


Venus, 


12° 


u4'.6o 


n° 


io5'.o5 


262° 


2502'.IO 


260° 


2483\oo 


Mars, 


75° 


7i6'.25 


72° 


687'.6o 


235° 


2244'-25 


232° 


22i5'.6o 


Jupiter, 


33° 


3t5'.i5 


32° 


3o5'.6o 


70° 


668' 5o 


7 2° 


687'.6o 


Saturn, 


49° 


467'.o5 


48° 


458'.4o 


39° 


3 7 2'.45 


4o° 


382'.oo 



A remarkable peculiarity of the Hindu system is that the epicycles 
are supposed to contract their dimensions as they leave the apsis or the 
conjunction respectively (excepting in the case of the epicycles of the 
conjunction of Jupiter and Saturn, which expand instead of contracting), 
becoming smallest at the quadrature, then again expanding till the lower 
apsis, or opposition, is reached, and decreasing and increasing in like 
manner in the other half of the orbit ; the rate of increase and diminu- 
tion being as the sine of the distance from the apsis, or conjunction. 
Hence the rule in verse 38, for finding the true dimensions of the epi- 
cycle at any point in the orbit. It is founded upon the simple propor- 
tion : as radius, the sine of the distance at which the diminution (or 
increase) is greatest, is to the amount of diminution (or of increase) at 
that point, so is the sine of the given distance to the corresponding 
diminution (or increase) ; the application of the correction thus obtained 
to the dimensions of the epicycle at the apsis, or conjunction, gives the 
true epicycle. 

We shall revert farther on to the subject of this change in the dimen- 
sions of the epicycle. 

The term employed to denote the epicycle, paridhi, means simply 
" circumference," or " circle ; " it is the same which is used elsewhere in 
this treatise for the circumference of the earth, etc. In a single instance, 
in verse 38, we have vrtta instead of paridhi ; its signification is the 
same, and its other uses are closely analogous to those of the more 
usual term. 

39. By the corrected epicycle multiply the base-sine (bhujajyd) 
and perpendicular-sine (koty'yd) respectively, and divide by the 
number of degrees in a circle : then, the arc corresponding to 
the result from the base-sine (bhujajydphala) is the equation of 
the apsis (mdnda phah), in minutes, etc. 

All the preliminary operations having been already performed, this is 
the final process by which is ascertained the equation of the apsis, or 
the amount by which a planet is, at any point in its revolution, drawn 
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away from its mean place by the disturbing influence of the apsis. In 
modern phraseology, it is called the first inequality, due to the ellipticity 
of the orbit ; or, the equation of the centre. 

Figure 3, upon the next page, will serve to illustrate the method of 
the process. 

Let AMM'P represent a part of the orbit of any planet, which is 
supposed to be a true circle, having E, the earth, for its centre. Along 
this orbit the planet would move, in the direction indicated by the 
arrow, from A through M and M' to P, and so on, with an equable 
motion, were it not for the attraction of the beings situated at the apsis 
(mandocca) and conjunction (figkrocca) respectively. The general mode 
of action of these beings has been explained above, under verses 1-5 
of this chapter : we have now to ascertain the amount of the disturb- 
ance produced by them at any given point in the planet's revolution. 
The method devised is that of an epicycle, upon the circumference of 
which the planet revolves with an equable motion, while the centre of the 
epicycle traverses the orbit with a velocity equal to that of the planet's 
mean motion, having always a position coincident with the mean place 
of the planet. At present, we have to do only with the epicycle which 
represents the disturbing effect of the apsis (mandocca). The period of 
the planet's revolution about the centre of the epicycle is the time 
which it takes the latter to make the circuit of the orbit from the apsis 
around to the apsis again, or the period of its anomalistic revolution. 
This is almost precisely equal to the period of sidereal revolution in the 
case of all the planets excepting the moon, since their apsides are re- 
garded by the Hindus as stationary (see above, under i. 41-44) : the 
moon's apsis, however, has a forward motion of more than 40° in a 
year; hence the moon's anomalistic revolution is very perceptibly 
longer than its sidereal, being 27 d 13 h 18 m . The arc of the epicycle 
traversed by the planet at any mean point in its revolution is accord- 
ingly always equal to the arc of the orbit intercepted between that 
point and the apsis, or to the mean anomaly, when the latter is reckoned, 
in the usual manner, from the apsis forward to the planet. Thus, in the 
figure, suppose A to be the place of the apsis (mandocca, the apogee of 
the sun and moon, the aphelion of the other planets), and P that of the 
opposite point (perigee, or perihelion ; it has in this treatise no distinct- 
ive name) ; and let M and M' be two mean positions of the planet, or 
actual positions of the centre of the epicycle ; the lesser circles drawn 
about these four points represent the epicycle : this is made, in the figure, 
of twice the size of that assumed for the moon, or a little smaller than 
that of Mars. Then, when the centre of the epicycle is at A, the 
planet's place in the epicycle is at a ; as the centre advances to M, M', 
and P, the planet moves in the opposite direction, to m, m', and p, the 
arc a'm being equal to A M, a" m' to A M', and a'"p to A P. It is as if, 
while the axis E a revolves about E, the part of it A a remained con- 
stant in direction, parallel to E A, assuming the positions M m, M' m', 
and T?p successively. The effect of this combination of motions is to 
make the planet virtually traverse the orbit indicated in the figure by 
the broken line, which is a circle of equal radius with the true orbit, 
but having its centre removed from E, toward A, by a distance equal to 
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Fig. 3. 




A a, the radius of the epicycle. This identity of the virtual orbit with 
an eccentric circle, of which the eccentricity is equal to the radius of 
the epicycle, was doubtless known to the Hindus, as to Ptolemy : the 
latter, in the third book of his Syntaxis, demonstrates the equivalence of 
the suppositions of an epicycle and an eccentric, and chooses the latter 
to represent the first inequality : the Hindus have preferred the other 
supposition, as better suited to their methods of calculation, and as ad- 
mitting a general similarity in the processes for the apsis and the con- 
junction. The Hindu theory, however, as remarked above (under vv. 
1-5 of this chapter), rejects the idea of the actual motion of the planet 
in the epicycle, or on the eccentric circle : the method is but a device 
for ascertaining the effect of the attractive force of the being at the 
apsis. Thus the planet really moves in the circle AMM'P, and if the 
lines Em, Em' be drawn, meeting the orbit in o and of, its actual place 
is at o and o', when its mean place is at M and M' respectively. To 
ascertain the value of the arcs o M and o' M', which are the amount of 
removal from the mean place, or the equation, is the object of the pro- 
cess prescribed by the text. 

Suppose the planet's mean place to be M, its mean distance from the 
apsis being A M : it has traversed, as above explained, an equal arc, a'm, 
in the epicycle. From M draw M B and M F, and from m draw m n, 
at right angles to the lines upon which they respectively fall : then M B 
is the base-sine (bhvjajyd), or the sine of mean anomaly, and MF, or its 
equal E B, is the perpendicular-sine (Jcotijya), or cosine, and m n and 
n M are corresponding sine and cosine in the epicycle. But as the rela- 
tion of the circumference of the orbit to that of the epicycle is known, 
and as all corresponding parts of two circles are to one another as their 
respective circumferences, the values of m n and n M are found by a 
proportion, as follows : as 360° is to the number of degrees in the cir- 
cumference of the epicycle at M, so is MB tow n, and E B to n M. 
Hence mn is called the "result from the base-sine" {bhvjajyaphala, or, 
more briefly, bkujaphala, or bahupkala), and n M the " result from the 
perpendicular-sine" (kotijy&phala, or hotiphala) : the latter of the two, 
however, is not employed in the process for calculating the equation of 
the apsis. Now, as the dimensions of the epicycle of the apsis are in 





5 


35 3 7 


II 


20 


5 9 


1 


IO 


9 


4» 


26 






2 


5o 


IO 


9 


45 


16 


II 


20 


5 9 


1 



ii. 89.] Sfa-ya-SiddMnta. 209 

all cases small, m n may without any considerable error be assumed to 
be equal to oq, which is the sine of the arc oM, the equation: this 
assumption is accordingly made, and the conversion of mn, as sine, into 
its corresponding arc, gives the equation required. 

The same explanation applies to the position of the planet at M' : a" 
m', the equivalent of A M M', is here the arc of the epicycle traversed ; 
m'n', its sine, is calculated from M'B', as before, and is assumed to 
equal &q', the sine of the equation &W. 

To give a farther and practical illustration of the process, we will 
proceed to calculate the equation of the apsis for the moon, at the time 
for which her mean place has been found m the notes to the last chap- 
ter, viz, the 1st of January, 1860, midnight, at Washington. 

Moon's mean longitude, midnight, at Ujjayini (i. 53), II* i5° 33' 24" 

add the equation for difference of meridian (depdntaraphcUa), ) 
or for her motion between midnight at TTjj. and "Wash. (i. 60, 61), j 

Moon's mean longitude at required time, 

Longitude of moon's apsis, midnight, at Ujjavint (i. 53), 
add for difference of meridian, as above, 

Longitude of moon's apsis at required time, 
deduct moon's mean longitude (ii. 29), 

Moon's mean anomaly (mandaleendra), 10 18 46 '5 

The anomaly being reckoned forward on the orbit from the planet, 
the position thus found for the moon relative to the apsis is, nearly 
enough for purposes of illustration, represented by M in the figure. By 
the rule given above, in verse 30, the base-sine (bkujajyA) — since the 
anomaly is in the fourth, an even, quadrant — is to be taken from the 
part of the quadrant not included in the anomaly, or A M ; the per- 
pendicular-sine (kotijyd) is that corresponding to its complement, or 
M D. That is to say : 

From the anomaly, io' 18 46' i5" 
deduct three quadrants, 9 

remains the arc M D, 1 18 46 i5 

take this from a quadrant, 3 

remains the arc A M, 1 11 l3 45 

And by the method already illustrated under verses 31, 32, the sine 
corresponding to the latter arc, which is the base-sine (bhujajyd), or the 
sine of mean anomaly, M B, is found to be 2266' ; that from M D, which 
is MF, or EB, the perpendicular-sine (kotijyd), or cosine of mean 
anomaly, is 2585'. 

The next point is to find the true size of the epicycle at M. By 
verse 34, the contraction of its circumference amounts at D to 20'; 
hence, according to the rule in verse 38, we make the proportion, sin 
A D : 20' : : sin A M : diminution at M ; or, 

3438 : 20 : : 2266 : i3 
Deducting from 32°, the circumference of the epicycle at A, the amount 
of diminution thus ascertained, we have 31° 47' as its dimensions at M. 
vol. vi. 27 
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Once more, by verse 39, we make the proportion, circ. of orbit : circ. 
of epicycle : : M B : m n ; or, 

36o°:3i° 47':: 2266:200 

The value, then, of mn, the result from the base-sine (bhujajy&phala), 
is 200' ; which, as m n is assumed to equal q, is the sine of the equa- 
tion. Being less than 225', its arc (see the table of sines, above) is of 
the same value : 3° 20', accordingly, is the moon's equation of the apsis 
(m&nda phala) at the given time : the figure shows it to be subtractive 
(rna), as the rule in verse 45 also declares it. Hence, from the 

Moon's mean longitude, n» 20 59' 

deduct the equation, 3 20 

Moon's true longitude, 11 17 39 

We present below, in a briefer form, the results of a similar calcula- 
tion made for the sun, at the same time. 

Sun's mean longitude, midnight, at TJjjayini (i. 63), 
add for difference of meridian (i. 60, 61), 

Sun's mean longitude at required time, 
Longitude of sun's apsis (i. 41), 

Sun's mean anomaly (ii. 29) , 
subtract from two quadrants (ii. 30), 

Arc determining base-sine, 55' 49" 

Base-sine (bhujajyd), 56' 

Dimensions of epicycle (ii. 38), i4 Q 
Result from base-sine (bhujajydphala), or sine of equation (ii. 89), 2' 

Equation {m&nda phala, ii. 45), -|-a' 
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Sun's true longitude, 8 s 18 i5' 

In making these calculations, we have neglected the seconds, rejecting 
the fraction of a minute, or counting it as a minute, according as it was 
less or greater than a half. For, considering that this method is followed 
in the table of sines, which lies at the foundation of the whole process, 
and considering that the sine of the arc in the epicycle is assumed to be 
equal to that of the equation, it would evidently be a waste of labor, and 
an affectation of an exactness greater than the process contemplates, or 
than its general method renders practicable, to carry into seconds the data 
employed. 

As stated below, in verse 43, the equation thus found is the only one 
required in determining the true longitude of the sun and of the moon : 
in the case of the other planets, however, of which the apparent place is 
affected by the motion of the earth, a much longer and more complicated 
process is necessary, of which the explanation commences with the next 
following passage. 

The Ptolemaic method of making the calculation of the equation of 
the centre for the sun and moon, is illustrated by the annexed figure 
(Fig. 4). The points E, A, M, a, m, and o, correspond with those simi- 
larly marked in the last figure (Fig. 3). The centre of the eccentric 
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circle is at e, and E e, which equals A o, is the eccentricity, which is given. 
Join em; the angle me a equals ME A, the mean anomaly, and Erne 
equals MEo, the equation. Extend 
me to d, where it meets Ed, a per- 
pendicular let fall upon it from E. 
Then, in the right-angled triangle 
E e d, the side E e and the angles 
— since Tied equals mea — are 
given, to find the other sides, e d 
and d E. Add e d to e m, the ra- 
dius ; add the square of the sum 
to that of Ec?; the square root 
of their sum is E m : then, in the 
right-angled triangle mEd, all 
the sides and the right angle are 
given, to find the angle E m e, the 
equation. 

This process is equivalent to a transfer of the epicycle from M to E ; 
E d becomes the result from the base-sine (bhujajy&phala), and d e that 
from the perpendicular-sine (kotyy&phala), and the angle of the equation 
is found in the same manner as its sine, e c, is found in the Hindu process 
next to be explained ; while, in that which we have been considering, E d 
is assumed to be equal to e c. 

Ptolemy also adds to the moon's orbit an epicycle, to account for her 
second inequality, the erection, the discovery of which does him so much 
honor. Of this inequality the Hindus take no notice. 

40. The result from the perpendicular-sine (kotiphala) of the 
distance from the conjunction is to be added to radius, when the 
distance {Tcendra) is in the half-orbit beginning with Capricorn ; 
but when in that beginning with Cancer, the result from the 
perpendicular-sine is to be subtracted. 

41. To the square of this sum or difference add the square of 
the result from the base-sine (bdhuphala) ; the square root of 
their sum is the hypothenuse (karna) called variable (cala). 
Multiply the result from the base-sine by radius, and divide by 
the variable hypothenuse : 

42. The arc corresponding to the quotient is, in minutes, etc., 
the equation of the conjunction (gdighrya phala) ; it is employed 
in the first and in the fourth process of correction (karmari) for 
Mars and the other planets. 

The process prescribed by this passage is essentially the same with that 
explained and illustrated under the preceding verse, the only difference 
being that here the sine of the required equation, instead of being 
assumed equal to that of the arc traversed by the planet in the epicycle, 
is obtained by calculation from it. The annexed figure (Fig. 5) will ex- 
hibit the method pursued. 

The larger circle, CMM'O, represents, as before, the orbit in which 
any one of the planets, as also the being at its conjunction (ftghrocca) are 
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making the circuit of the heavens about E, the earth, as a centre, in the 
direction indicated by the arrow, from C through M and M' to 0, and so 
on. But since, in every ease, the conjunction moves more rapidly east- 
ward than the planet, overtaking and passing it, if we suppose the con- 
junction stationary at C, the virtual motion of the planet relative to that 
point is backward, or from O through M' and M to C, its mean rate of 
approach toward C being the difference between the mean motion of the 
planet and that of the sun. As before, the amount to which the planet 
is drawn away from its mean place toward the conjunction is calculated 
by means of an epicycle. The circles drawn in the figure to represent 
the epicycle are of the relative dimensions of that assigned to Mercury, 
or a little more than half that of Mars. The direction of the planet's 
motion in the epicycle is the reverse of that in the epicycle of the apsis, 
as regards the actual motion of the planet in its orbit, being eastward at 
the conjunction ; as regards the motion of the planet relative to the con- 
junction, it is the same as in the former case, being in the contrary direc- 
tion at the conjunction : its effect, of course, is to increase the rate of the 
eastward movement at that point. The time of the planet's revolution 
about the centre of the epicycle is the interval between two successive 
passages through the point C, the conjunction : that is to say, it is equal 
to the period of synodical revolution of each planet. These periods are, 
according to the elements presented in the text of this Siddhanta, as 
follows : 

Mercury, 1 1 5d 

Venus, 583 

Mars, 779 

Jupiter, 398 

Saturn, 3-8 

The arc of the epicycle traversed by the planet, at any point in its revo- 
lution, is equal to its distance from the conjunction, when reckoned for- 
word from the planet, according to the method prescribed in verse 29. 
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37 
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21 


20 


2 
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Suppose, now, the mean place of the planet, relative to its conjunction 
(fighrocca) at C, to be at M : its place in the epicycle is at m, as far from 
c'", in either direction, as M from C. The arc of the epicycle already- 
traversed is indicated in this figure, as in Fig. 3, by the heavier line. 
Draw E m, cutting the orbit in o ; then o is the planet's true place, and 
o M is the equation, or the amount of removal from the mean place by 
the attraction of the being at C. 

The sine and cosine of the distance from the conjunction, the dimen- 
sions of the epicycle, and the value of the correspondents in the epicycle 
to the sine and cosine, are found as in the preceding process. Add »M, 
the result from the cosine {kotijyaphald), to M E, the radius : the result 
is the perpendicular, E n, of the triangle E n m. To the square of E n 
add that of the base n m, the result from the sine (bh-ujajy&phala) ; the 
square root of the sum is the line E m, the hypothenuse : it is termed the 
variable hypothenuse (cala karna) from its constantly changing its 
length. We have now the two similar triangles Emn and Eog, a 
comparison of the corresponding parts of which gives us the proportion 
Em : m n : : Eo : og ; that is to say, off, which is the sine of the equation 
«M, equals the product of Eo, the radius, into mn, the result from the 
base-sine, divided by the variable hypothenuse, E m. 

When the planet's mean place is in the quadrant D O, as at M', the 
result from the perpendicular-sine (kotijyaphala), or M' n', is subtracted 
from radius, and the remainder, En', is employed as before to find the 
value of Em', the variable hypothenuse : and the comparison of the 
similar triangles Em' n' and Eo' g' gives o'ff', the sine of the equation, 
o'M'. 

It is obvious that when the mean distance of a planet from its conjunc- 
tion is less than a quadrant in either direction, as at M, the base Em is 
greater than radius ; when that distance is more than a quadrant, as at 
M', the base En' is less than radius: the cosine is to be added to radius 
in the one case, and subtracted from it in the other. This is the mean- 
ing of the rule in verse 40 : compare the notes to i. 58 and ii. 30. 

In illustration of the process, we will calculate the equation of the 
conjunction of Mercury for the given time, or for midnight preceding 
January 1st, 1860, at Washington. 

Since the Hindu system, like the Greek, interchanges in the case of the 
two inferior planets the motion and place of the planet itself and of the 
sun, giving to the former as its mean motion that which is the mean 
apparent motion of the sun, and assigning to the conjunction (fighrocca) 
a revolution which is actually that of the planet in its orbit, the mean 
position of Mercury at the given time is that found above (under v. 39) 
to be that of the sun at the same time, while to find that of its conjunc- 
tion we have to add the equation for difference of meridian (dep&ntara- 
phala, i. 60, 61), to the longitude given under i. 53 as that of the planet. 

Longitude of Mercury's conjunction (fighrocca), midnight, at Ujjayini, 
add for difference of meridian, 

Longitude of conjunction at required time, 
Mean longitude of Mercury, 

Mean commutation (cighralcendra,), 7 28 44 9 



4 8 


i5 c 


' i3' 


8" 
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44 


i4 
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16 


5? 


11 
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i3 
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The position of Mercury with reference to the conjunction is accord- 
ingly very nearly that of M', in Fig. 5. The arc which determines the 
base-sine (bhujajyd), or M', is 58° 44', while M' D, its complement, 
from which the perpendicular-sine (kotijyd) is taken, is 31° 16'. The 
corresponding sines, M'B' and M'G, are 2938' and 1784' respectively. 

The epicycle of Mercury is one degree less at D than at O. Hence 
the proportion 

3438 : 6o : : 2938 : 5i 

gives 51' as the diminution at M' : the circumference of the epicyle at M, 
then, is 132° 9'. The two proportions 

36o :i32°9'::2938:i078, and 36o°: i32° 9':: 1784:655, 
give us the value of m' n' as 1078', and that of n'M' as 655'. The 
commutation being more than three and less than nine signs, or in the 
half-orbit beginning with Cancer, the fourth sign, n' M' is to be sub- 
tracted from EM', or radius, 3438' ; the remainder, 2783', is the perpen- 
dicular E n'. 



To the square of En', 
add the square of n' m', 



of their sum, 
the square root, 



7,745,089 
1,162,084 

8,907,173 

2984 



is the variable hypothenuse (cala karna), E m'. The comparison of the 
triangles E m' »' and E o'g' gives the proportion Em':m'»'::Eo': o'g 1 , or 

2984: 1078:: 3438: 1242 
The value of 0' q\ the sine of the equation, is accordingly 1242': the cor- 
responding arc, o 1 M, is found by the process prescribed in verse 33 to be 
21° 12'. The figure shows the equation to be subtractive. 

The annexed table presents the results of the calculation of the equa- 
tion of the conjunction (fighrakarman) for the five planets. 

Results of the First Process for finding the True Places of the Planets. 



Planet. 


Mean 


Longitude of 


Mean 


Base- 


C »"- "from 


Kesult 


Va 1- 


Equat'n 


Longitude. 


Conjunction. 


Commutation. 


sine. 


Epicycle. B ft0 £ e 


P. -sine. 


Hyp. 


of Cooj. 


Mercury, 


B f i' 

8 18 i3 i3 


4 16 57 22 


80 1 it 

7 28 44 9 


2938 


; 'i \ 

i32 9 1078 


655 


2984 


-21 12 


Venus, 


8 18 i3 i3 


10 21 49 47 


2 3 36 34 


3o8o 


260 i3, 2226 


1104 


bo58 


+26 7 


Mars, 


5 24 3o 57 


8 18 i3 i3 


2 23 42 16 


34l6 


232 i| 2202 


225 


4274 


+3i 1 


Jupiter, 


2 26 2 14 


8 18 i3 i3 


5 22 10 59 


468 


70 16 91 


665 


2774 


+ 1 53 


Saturn, 


3 20 12 3 


8 18 i3 i3 


4 28 1 10 


1820 


39 32! 200 


320 


3i24 


+ 3 4o 



This is, however, only a first step in the whole operation for finding 
the true longitudes of these five planets, as is laid down in the next 



43. The process of correction for the apsis (mdnda Tcarman) is 
the only one required for the sun and moon : for Mars and the 
other planets are prescribed that for the conjunction (cdighryd), 
that for the apsis (mdnda), again that for the apsis, and that for 
the conjunction — four, in succession. 



ii. 45.] Surya-Siddh&nta. 215 

44. To the mean place of the planet apply half the equation 
of the conjunction (cfighraphald), likewise half the equation of the 
apsis ; to the mean place of the planet apply the whole equation 
of the apsis (mandaphala), and also that of the conjunction. 

45. In the case of all the planets, and both in the process of 
correction for the conjunction and in that for the apsis, the equa- 
tion is additive (dhana) when the distance (kendra) is in the half- 
orbit beginning with Aries ; subtractive (rna), when in the half- 
orbit beginning with Libra. 

The rule contained in the last verse is a general one, applying to all 
the processes of calculation of the equations of place, and has already 
been anticipated by us above. Its meaning is, that when the anomaly, 
(mandakendra), or commutation (flghrakendra), reckoned always forward 
from the planet to the apsis or conjunction, is less than six signs, the 
equation of place is additive ; when the former is more than six signs, 
the equation is subtractive. The reason is made clear by the figures given 
above, and by the explanations under verses 1-5 of this chapter. 

It should have been mentioned above, under verse 29, where the word 
kendra was first introduced, that, as employed in this sense by the Hin- 
dus, it properly signifies the position (see note to i. 53) of the "centre" 
of the epicycle — which coincides with the mean place of the planet itself 
— relative to the apsis or conjunction respectively. In the text of the 
Surya-Siddhanta it is used only with this signification : the commentary 
employs it also to designate the centre of any circle. 

Since the sun and moon have but a single inequality, according to the 
Hindu system, the calculation of their true places is simple and easy. 
With the other planets the case is different, on account of the existence 
of two causes of disturbance in their orbits, and the consequent necessity 
both of applying two equations, and also of allowing for the effect of each 
cause in determining the equation due to the other. For, to the appre- 
hension of the Hindu astronomer, it would not be proper to calculate the 
two equations from the mean place of the planet; nor, again, to calculate 
either of the two from the mean place, and, having applied it, to take 
the new position thus found as a basis from which to calculate the other ; 
since the planet is virtually drawn away from its mean place by the 
divinity at either apex (ucca) before it is submitted to the action of the 
other. The method adopted in this Siddhanta of balancing the two 
influences, and arriving at their joint effect upon the planet, is stated in 
verses 43 and 44. The phraseology of the text is not entirely explicit, 
and would bear, if taken alone, a different interpretation from that which 
the commentary puts upon it, and which the rules to be given later show 
to be its true meaning ; this is as follows : first calculate from the mean 
place of the planet the equation of the conjunction, and apply the half 
of it to the mean place ; from the position thus obtained calculate the 
equation of the apsis, and apply half of it to the longitude as already 
once equated ; from this result find once more the equation of the apsis, 
and apply it to the original mean place of the planet; and finally, calcu- 
late from, and apply to, this last place the whole equation of the con- 
junction. 
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We have calculated by this method the true places of the five planets, 
and present the results of the processes in the following tables. Those 
of the first process have been already given under the preceding pas- 
sage : the application of half the equations there found to the mean 
longitude gives us the longitude once equated as a basis for the next 
process. 

Results of the Second Process for finding the True Places of the Planets. 



Planet. 


Equated 
Longitude. 


Longitude 
of Apsis. 


Equated 
Anomaly. 


Baae- 

Fine. 


Corrected 
Epicycle. 


Equation 
of Apsis. 


Mercury, 

Venus, 

Mars, 

Jupiter, 

Saturn, 


5 o > 

8 7 3 7 

9 * '7 

6 io i 

2 26 59 

3 22 I 


S a 1 1. 

7 10 28 20 

2 19 52 17 

4 IO 2 40 

5 21 22 19 

7 26 37 34 


B ' 
II 2 5l 

5 18 35 

10 2 

2 24 23 

4 4 3 7 


1 568 
681 
2977 
3420 
2829 


29 5 
II 48 
72 24 
32 

48 11 


- 2 7 

+ O 22 
-IO 2 
+ 55 

+ 6 20 



Again, the application of half these equations to the longitudes as 
once equated furnishes the data for the third process. The longitudes of 
the apsides, being the same as in the second operation, are not repeated 
in this table. 

Results of the Third Process for finding the Trice Places of the Planets. 



Planet. 


Equated 


Equated 


Base- 


Corrected Equation 


Longitude. 


Anomaly. 


sine. 


Epicycle. 1 of Apsis. 


Mercury, 


8 < 

8 6 34 


s » ' 

11 3 54 


l5l2 


29 7 


-2 2 


Venus, 


9 1 28 


5 18 24 


691 


11 48 


+0 23 


Mars, 


6 5 


10 5 3 


28l4 


72 33 


-9 3o 


Jupiter, 


2 29 3o 


2 21 52 


34o3 


32 1 


+5 4 


Saturn, 


3 25 11 


4 1 27 


2932 


48 9 


+6 33 



The original mean longitudes are now corrected by the results of the 
third process, to obtain a position from which shall be once more calcu- 
lated the equation of the conjunction ; and the application of this to the 
position which furnished it yields, as a final result, the true place of each 
planet. 



Results 


of the Fourth Process for finding the True Places of tlie Planets. 


Planet. 


Equated 
Longitude. 


Equated 
Commuta- 
tion. 


Base- 
sine. 


Corr. 
Epicycle. 


Result 

from 

B.-sine. 


Result 

from 

P.-sine. 


VatiaUe 
Hypoth. 


Equation 
of Couj. 


Trne 
Longitude. 


Mercury, 
Venus, 
Mars, 
Jupiter, 

Saturn, 


8 ° ' 

8 16 11 
8 18 36 
5 i5 1 
3 1 6 
3 26 45 


s ' 

8 46 

2 3 14 

3 3 12 

5 17 7 

4 31 28 


3ooo 
3069 
3432 
766 
2141 


i32 8 

260 1 3 

232 O 
70 27 
39 37 


IIOI 
2218 
2212 

i5o 

236 


616 

)ii8 
124 
656 
296 


3029 
5o67 
3984 
2786 
3i5r 


-21 20 

+25 59 
+33 44 
+ 35 
+ 4 17 


s • 
7 24 5l 
9 14 35 
6 18 45 

3 4 n 

4 1 2 



We cannot furnish a comparison of the Hindu determinations of the 
true places of the planets with their actual positions as ascertained by 
our modern methods, until after the subject of the latitude has been dealt 
with : see below, under verses 56-58. 
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The Hindu method of finding the true longitudes of the five planets 
whose apparent position is affected by the parallax of the earth's motion 
having thus been fully explained, we will proceed to indicate, as suc- 
cinctly as possible, the way in which the same problem is solved by the 
great Greek astronomer. The annexed figure (Fig. 6) will illustrate his 
method : it is taken from those presented in the Syntaxis, but with such 
modifications of form as to make it correspond with the figures previ- 
ously given here : the conditions which it represents are only hypothet- 
ical, not according with the actual elements of any of the planetary 
orbits. 

Let E be the earth's place, and let the circle ApC, described about 

E as .a centre, represent the mean orbit of any planet, E A being the 

direction of its line of apsides, and E C that of its conjunction (fighra), 

■p io . 6 called by Ptolemy the 

apogee of its epicycle. 
Let EX be the double 
eccentricity, or the 
equivalent to the ra- 
dius of the Hindu 
epicycle of the apsis ; 
and let EX be bi- 
sected in Q. Then, 
as regards the influ- 
ence of the eccen- 
tricity of the orbit 
upon the place of the 
planet, the centre of 
equable angular mo- 
tion is at X, but the centre of equal distance is at Q : the planet virtu- 
ally describes the circle A' P, of which Q is the centre, but at the same 
rate as if it were moving equably upon the dotted circle, of which the 
centre is at X. The angle of mean anomaly, accordingly, which in- 
creases proportionally to the time, isaXA", but Pis the planet's place, 
PEA the true anomaly, and E P X the equation of place. The value 
of E P X is obtained by a process analogous to that described above, 
under verse 39 (pp. 210, 211); EB and BX, and QD and DX, are 
first found ; then D P, which, by subtracting D X, gives X P ; X P 
added to B X gives B P ; and from B P and B E is derived E P B, the 
equation required; subtract this from PXA, and the remainder ii 
RE A, the planet's true distance from the apsis. About P describe 
the epicycle of the conjunction, and draw the radius PT parallel 
to EC: then T is the planet's place in the epicycle, p its apparent 
position in the mean orbit, and TEP the equation of the epicycle, or 
of the conjunction. In order to arrive at the value of this equation, 
Ptolemy first finds that of SEE, the corresponding angle when the 
centre of the epicycle is placed at R, at the mean distance E R, or 
radius, from E : he then diminishes it by a complicated process, into 
the details of which it is not necessary here to enter, and which, as 
he himself acknowledges, is not strictly accurate, but yields results suffix 
ciently near to the truth. The application of the equation thus obtained 
vol. vi. 28 
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to the place of the planet as already once equated gives the final result 
sought for, its geocentric place. 

In the case of Mercury, Ptolemy introduces the additional supposition 
that the centre of equal distances, instead of being fixed at Q, revolves 
in a retrograde direction upon the circumference of a circle of which X 
is the centre, and X Q the radius. 

After a thorough discussion of the observations upon which his data 
and his methods are founded, and a full exposition of the latter, Ptolemy 
proceeds himself to construct tables, which are included in the body of 
his work, from which the true places of the planets at any given time 
may be found by a brief and simple process. The Hindus are also ac- 
customed to employ such tables, although their construction and use are 
nowhere alluded to in this treatise. Hindu tables, in part professing to 
be calculated according to the Surya-Siddhanta, have been published 
by Bailly (Traite de PAstr. Ind. et Or., p. 335, etc.), by Bentley (Hind. 
Ast, p. 219, etc.), by Warren (Kala Sankalita, Tables), by Mr.Hoising- 
ton (Oriental Astronomer, p. 61, etc.), and, for the sun and moon, by 
Davis (As. Res., ii. 255, 256). 

We are now in a condition to compare the planetary system of the 
Hindus with that of the Greeks, and to take note of the principal re- 
semblances and differences between them. And it is evident, in the first 
place, that in all their grand features the two are essentially the same. 
Both alike analyze, with remarkable success, the irregularities of the 
apparent motions of the planets into the two main elements of which 
they are made up, and both adopt the same method of representing and 
calculating those irregularities. Both alike substitute eccentric circles 
for the true elliptic orbits of the planets. Both agree in assigning to 
Mercury and Venus the same mean orbit and motion as to the sun, and 
in giving them epicycles which in fact correspond to their heliocentric 
orbits, making the centre of those epicycles, however, not the true, but 
the mean place of the sun, and also applying to the latter the correction 
due to the eccentricity of the orbit. Both transfer the centre of the 
orbits of the superior planets from the sun to the earth, and then assign 
to each, as an epicycle, the earth's orbit ; not, however, in the form of 
an ellipse, nor even of an eccentric, but in that of a true circle ; and 
here, too, both make the place of the centre of the epicycle to depend 
upon the mean, instead of the true, place of the sun. The key to the 
whole system of the Greeks, and the determining cause both of its nu- 
merous accordances with the actual conditions of things in nature, and 
of its inaccuracies, is the principle, distinctly laid down and strictly ad- 
hered to by them, that the planetary movements are to be represented 
by a combination of equable circular motions alone, none other being 
deemed suited to the dignity and perfection of the heavenly bodies. By 
the Hindus, this principle is nowhere expressly recognized, so far as we 
are aware, as one of binding influence, and although their whole system, 
no less than that of the Greeks, seems in other respects inspired by it, 
it is in one point, as we shall note more particularly hereafter, distinctly 
abandoned and violated by them (see below, under vv. 50, 51). We 
cannot but regard with the highest admiration the acuteness and in- 
dustry, the power of observation, analysis, and deduction of the Greeks, 
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that, hampered by false assumptions, and imperfectly provided with. 
instruments, they were able to construct a science containing so much 
of truth, and serving as a secure basis for the improvements of after 
time : -whether we pay the same tribute to the genius of the Hindu will 
depend upon whether we consider him also, like all the rest of the world, 
to have been the pupil of the Greek in astronomical science, or whether 
we shall believe him to have arrived independently at a system so 
closely the counterpart of that of the West. 

The differences between the two systems are much less fundamental 
and important. The assumption of a centre of equal distance different 
from that of equal angular motion — and, in the case of Mercury, itself 
also movable — is unknown to the Hindus : this, however, appears to be 
an innovation introduced into the Greek system by Ptolemy, and un- 
known before his time ; it was adopted by him, in spite of its seeming 
arbitrariness, because it gave him results according more nearly with his 
observations. The moon's evection, the discovery of Ptolemy, is equally 
wanting in the Hindu astronomy. As regards the combined application 
of the equations of the apsis and the conjunction, the two systems are 
likewise at variance. Ptolemy follows the truer, as well as the simpler, 
method: he applies first the whole correction for the eccentricity of the 
orbit, obtaining as a result, in the case of the superior planets, the 
planet's true heliocentric place ; and this he then corrects for the paral- 
lax of the earth's position. Here, too, ignorant as he was of the actual 
relation between the two equations, we may suppose him to have been 
guided by the better coincidence with observation of the results of his 
processes when thus conducted. The Hindus, on the other hand, not 
knowing to which of the two supernatural beings at the apsis and con- 
junction should be attributed the priority of influence, conceived them 
to act simultaneously, and adopted the method stated above, in verse 44, 
of obtaining an average place whence their joint effect should be calcu- 
lated. This is the only point where they forsook the geometrical method, 
and suffered their theory respecting the character of the forces produ- 
cing the inequalities of motion to modify their processes and results. 
The change of dimensions of the epicycles is also a striking peculiarity 
of the Hindu system, and to us, thus far, its most enigmatical feature. 
The virtual effect of the alteration upon the epicycles themselves is to 
give them a form approximating to the elliptical. But, although the 
epicycles of the conjunction of the inferior planets represent the proper 
orbits of those planets, and those of the superior the orbit of the earth, 
it is not possible to see in this alteration an unconscious recognition of 
the principle of ellipticity, because the major axis of the quasi-ellipse — 
or, in the case of Jupiter and Saturn, the minor axis — is constantly 
pointed toward the earth. Its effect upon the orbit described by the 
planet is, as concerns the epicycle of the apsis, to give to the eccentric 
circle an ovoid shape, flattened in the first and fourth quadrants, bulging 
in the second and third : this is, so far as it goes, an approximation to- 
ward Ptolemy's virtual orbit, a circle described about a centre distant 
from the earth's place by only half the equivalent of the radius of the 
Hindu epicycle (the circle A' P in figure 6) : but the approximation 
seems too distant to furnish any hint of an explanation. A diminution 
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of tho epicycle also effects a corresponding diminution of the equation, 
carrying the planet forward where the equation is subtractive, and back- 
ward where it is additive : but we hardly feel justified in assuming that 
it is to be regarded as an empirical correction, applied to make the re- 
sults of calculation agree more nearly with those of observation, because 
its amount and place stand in no relation which we have been able to 
trace to the true elements of the planetary orbits, nor is the accuracy 
of either the Hindu calculations or observations so great as to make 
such slight corrections of appreciable importance. We are compelled 
to leave the solution of this difficulty, if it shall prove soluble, to later 
investigation, and a more extended comparison of the different text- 
books of Hindu astronomical science. 

As regards the numerical value of the elements adopted by the two 
systems — their mutual relation, and their respective relations to the true 
elements established by modern science, are exhibited in the annexed 
table. The first part of it presents the comparative dimensions of the 
planetary orbits, or the value of the radius of each in terms of that of 
the earth's orbit. In the case of Mercury and Venus, this is represented 
by the relation of the radius of the epicycle (of the conjunction) to that 
of the orbit ; in the case of the superior planets, by that of the radius 
of the orbit to the radius of the epicycle. For the Hindu system it 
was necessary to give two values in every case, derived respectively from 
the greatest and least dimensions of the epicycles. Such a relative de- 
termination of the moon's orbit, of course, could not be obtained : its 
absolute dimensions will be found stated later (see under iv. 3 and xii. 
84). The second part of the table gives, as the fairest practicable com- 
parison of the values assigned by each system to the eccentricities, the 
greatest equations of the centre. For Mercury and Venus, however, the 
ancient and modern determinations of these equations are not at all 
comparable, the latter giving their actual heliocentric amount, the for- 
mer their apparent value, as seen from the earth. 

Relative Dimensions and Eccentricities of the Planetary Orbits, according 
to Different Authorities. 
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46. Multiply the daily motion (bhitkti) of a planet by the sun'3 
result from the base-sine (bdhuphala), and divide by the number 
of minutes in a circle (bhacakra) ; the result, in minutes, apply 
to the planet's true plaoe, in the same direction as the equation 
■was applied to. the sun. 
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By this rule, allowance is made for that part of the equation of time, 
or of the difference between mean and apparent solar time, which is due 
to the difference between the sun's mean and true places. The instru- 
ments employed by the Hindus in measuring time are described, very 
briefly and insufficiently, in the thirteenth chapter of this work : in all 
probability the gnomon and shadow was that most relied upon ; at any 
rate, they can have had no means of keeping mean time with any accu- 
racy, and it appears from this passage that apparent time alone is re- 
garded as ascertainable directly. Now if the sun moved in the equi- 
noctial instead of in the ecliptic, the interval between the passage of his 
mean and his true place across the meridian would be the same part of 
a day, as the difference of the two places is of a circle : hence the pro- 
portion upon which the rule in the text is founded : as the number of 
minutes in a circle is to that in the sun's equation (which is the same 
with his "result from the base-sine:" see above, v. 39), so is the whole 
daily motion of any planet to its motion during the interval. And 
since, when the sun is in advance of his true place, he comes later to 
the meridian, the planet moving on during the interval, and the reverse, 
the result is additive to the planet's place, or subtractive from it, accord- 
ing as the sun's equation is additive or subtractive. 

The other source of difference between true and apparent time, the 
difference in the daily increment of the arcs of the ecliptic, in which 
the sun moves, and of those of the equinoctial, which are the measures 
of time, is not taken account of in this treatise. This is the more 
strange, as that difference is, for some other purposes, calculated and 
allowed for. 

At the time for which we have ascertained above the true places of 
the planets, the sun is so near the perigee, and his equation of place is 
so small, that it renders necessary no modification of the places as 
given : even the moon moves but a small fraction of a second during 
the interval between mean and apparent midnight. 

By bhukti, as used in this verse, we are to understand, of course, not 
the mean, but the actual, daily motion of the planet : the commentary 
also gives the word this interpretation. How the actual rate of motion 
is found at any given time, is taught in the next passage. 

47. From the mean daily motion of the moon subtract the 
daily motion of its apsis (inanda), and, having treated the differ- 
ence in the manner prescribed by the next rule, apply the result, 
as an additive or subtractive equation, to the daily motion. 

48. The equation of a planet's daily motion is to be calculated 
like the place of the planet in the process for the apsis : multi- 
ply the daily motion by the difference of tabular sines corre- 
sponding to the base-sine (dorjyd) of anomaly, and then divide 
by two hundred and twenty-five ; 

49. Multiply the result by the corresponding epicycle of the 
apsis (mandaparidhi), and divide by the number of degrees in a 
circle {bhagana) ; the result, in minutes, is additive when in the 
half-orbit beginning with Cancer, and subtractive when in that 
beginning with Capricorn. 



222 E. Burgess, etc., [ii. 49- 

Only the effect of the apsis upon the daily rate of motion is treated 
of in these verses ; the farther modification of it by the conjunction is 
the subject of those which succeed. 

Verse 47 is a separate specification under the general rule given in 
the following verse, applying to the moon alone. The rate of a planet's 
motion in its epicycle being equal to its mean motion from the apsis, or 
its anomalistic motion, it is necessary in the case of the moon, whose 
apsis has a perceptible forward movement, to subtract the daily amount 
of this movement from that of the planet in order to obtain the daily 
rate of removal from the apsis. 

In the first half of verse 48 the commentary sees only an intimation 
that, as regards the apsis, the equation of motion is found in the same 
general method as the equations of place, a certain factor being multi- 
plied by the circumference of the epicycle and divided by that of the 
orbit. Such a direction, however, would be altogether trifling and super- 
fluous, and not at all in accordance with the usual compressed style of 
the treatise; and moreover, were it to be so understood, we should lack 
any direction as to which of the several places found for a planet in the 
process for ascertaining its true place should be assumed as that for 
which this first equation of motion is to be calculated. The true mean- 
ing of the line, beyond all reasonable question, is, that the equation is 
to be derived from the same data from which the equation of place for 
the apsis was finally obtained, to be applied to the planet's mean posi- 
tion, as this is applied to its mean motion ; from the data, namely, of 
the third process, as given above. 

The principle upon which the rule is founded may be explained as 
follows. The equation of motion for any given time is evidently equal 
to the amount of acceleration or of retardation effected during that time 
by the influence of the apsis. Thus, in Fig. 3 (p. 208), m n, the sine of 
a'm, is the equation of motion for the whole time during which the 
centre of the epicycle has been traversing the arc A M. If that arc, 
and the arc a' m, be supposed to be divided into any number of equal 
portions, each equal to a day's motion, the equation of motion for each 
successive day will be equal to the successive increments of the sines of 
the increasing arcs in the epicycle ; and these will be equal to the suc- 
cessive increments from day to day of the sines of mean anomaly, re- 
duced to the dimensions of the epicycle. But the rate at which the 
sine is increasing or decreasing at any point in the quadrant is approxi- 
mately measured by the difference of the tabular sines at that point: 
and as the arcs of mean daily motion are generally quite small — being, 
except in the case of the moon, much less than 3° 45', the unit of the 
table — we may form this proportion : if, at the point in the orbit occu- 
pied by the planet, a difference of 3° 45' in arc produces an increase or 
decrease of a given amount in sine, what increase or decrease of sine 
will be produced by a difference of arc equal to the planet's daily 
motion ? or, 225 : diff. of tab. sines : : planet's daily motion : correspond- 
ing diff. of sine. The reduction of the result of this proportion to the 
dimensions of the epicycle gives the equation sought. 

We will calculate by this method the true daily motion of the moon 
at the time for which her true longitude has been found above. 
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Moon's mean daily motion (i. SO), 790' 35" 

deduct daily motion of apsia (i. S3), 6 4< 



Moon's mean anomalistic motion, 783 54 

From the process of calculation of the moon's true place, given above, 
we take 

Moon's mean anomaly, to" 18° 46' i5" 

Sine of anomaly (bhvjajyd), 3266' 

From the table of sines (ii. 15-27), we find 

Corresponding difference of tabular sines, 174' 

Hence the proportion 

225' : 174' : : 783' 54" : 606' i3" 

shows the increase of the sine of anomaly in a day at this point to be 
606' 13". The dimensions of the epicycle were found to be 31° 47'. 
Hence the proportion 

36o° : 3i° 4"' : : 606' i3" : 53' 3i" 
give us the desired equation of motion, as 53' 31". By verse 49 it is 
subtractive, the planet being less than a quadrant from the apsis, or its 
anomaly being more than nine and less than three signs. Therefore, 
from the 

Moon's mean daily motion, 700' 35" 

subtract the equation, 53 3 1 

Moon's true daily motion at given time, 737 4 

The roughness of the process is well illustrated by this example. 
Had the sine of anomaly been but 2' greater, the difference of sines 
would have been 10' less, and the equation only about 5C. 

The equation of the sun's motion, calculated in a similar manner, is 
found to be +2' 18", and his true motion 61' 26". 

The corrected rate of motion of the other planets will be given under 
the next following passage. 

50. Subtract the daily motion of a planet, thus corrected for 
the apsis (manda), from the daily motion of its conjunction 
(tfghra) ; then multiply the remainder by the difference between 
the last hypothenuse and radius, 

51. And divide by the variable hypothenuse (cala karna) : the 
result is additive to the daily motion when the hypothenuse is 
greater than radius, and subtractive when this is less; if, when 
subtractive, the equation is greater than the daily motion, deduct 
the latter from it, and the remainder is the daily motion in a 
retrograde (vakra) direction. 

The commentary gives no demonstration of the rule by which we are 
here taught to calculate the variation of the rate of motion of a planet 
occasioned by the action of its conjunction : the following figure, how- 
ever (Fig. 7), will illustrate the principle upon which it is founded. 
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As in a previous figure (Fig. S, p. 212), CMM' represents the mean 
orbit of a planet, E the earth, and M the planet's mean position, at a 
given time, relative to its conjunction, C : the circle described about M 
is the epicycle of the conjunction : it is drawn, in the figure, of the 
relative dimensions of that assumed 
for Mars. Suppose M' M to be the 
amount of motion of the centre of 
the epicycle, or the (equated) mean 
synodical motion of the planet, 
during one day ; m' m is the arc of 
the epicycle traversed by the planet 
in the same time. As the amount 
of daily synodical motion is in every 
case small, these arcs are necessarily 
greatly exaggerated in the figure, 
being made about twenty-four times 
too great for Mars. Had the planet 
remained stationary in the epicycle 
at m! while the centre of the epi- 
cycle moved from M' to M, its place 
at the given time would be at s ; 
having moved to m, it is seen at t : 
hence * t is the equation of daily motion, of which it is required to 
ascertain the value. Produce Era' to n, making Ew equal to Em, and 
join m n ; from M draw M o at right angles to E m. Then, since the arc 
m m! is very small, the angles Entn and E n m, as also M m m! and 
M m' m, may be regarded as right angles ; M m o and nmm' are there- 
fore equal, each being the complement of Emm', and the triangles 
mnm' and M m o are similar. Hence 




'•} 



Mm:mo::mm':mn 
EM: Mm:: MM': mm' 
EM : mo:: MM' :m» 
ts:~Et :: mn:Em 



(s:»o::MM':E» 



But 

Hence, by combining terms, 
But 

therefore, since E M equals E t, 
by again combining, 

and, reducing the proportion to an equation, t s, the required equation 
of motion, equals M M', the equated mean synodical motion in a day, 
multiplied by m o, and divided by E ra, the variable hypothenuse. This, 
however, is not precisely the rule given above ; for in the text of this 
Siddhanta, mt, the difference between the variable hypothenuse and 
radius, is substituted for m o, as if the two were virtually equivalent : a 
highly inaccurate assumption, since they differ from one another by the 
versed sine, o t, of the equation of the conjunction, M t, which equation 
is sometimes as much as 40° : and indeed, the commentary, contrary to 
its usual habit of obsequiousness to the inspired text with which it has 
to deal, rejects this assumption, and says, without even an apology for 
the liberty it is taking, that by the word " radius" in verse 50 is to be 
understood the cosine {kotjjyd) of the second equation of the conjunction. 
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In illustration of the rule, we -will calculate the true rate of daily 
motion of the planet Mars, at the same time for which the previous 
calculations have been made. 

By the process already illustrated under the preceding passage, the 
equation of Mars's daily motion for the effect of the apsis, as derived from 
the data of the third process for ascertaining his true place, is found to 
be -3' 41", the difference of tabular sines being 131'. Accordingly, 

from the mean daily motion of Mars (i. 34), 3i' 26" 

deduct the equation for the apsis, 3 4 1 

Mars's equated daily motion, 

Now, to find the equated daily synodical motion, 

from the daily motion of Mars's conjunction (the sun), 
deduct his equated daily motion, 

Mars's equated daily synodical motion, 3i 23 

The variable hypothenuse used in the last process for finding the true 
place was 3984'; its excess above radius is 546'. The proportion 

3984':546'::3i'23":4'i8" 
shows, then, that the equation of motion due to the conjunction at the 
given time is 4' 18". Since the hypothenuse is greater than radius — 
that is to say, since the planet is in the half-orbit in which the influence 
of the conjunction is accelerative — 'the equation is additive. Therefore, 

to Mars's equated daily motion, 27' 45" 

add the equation for the conjunction, 4 18 

Mars's true daily motion at the given time, 32 3 

In this calculation We have followed the rule stated in the text : had 
We accepted the amendment of the commentary, and, in finding the 
second term of our proportioti, substituted for radius the cosine of 
33° 44', the resulting equation would have been more than doubled, 
becoming 8* 51", instead of 4' 18"; this happening to be a case where 
the difference is nearly as great as possible. We have deemed it best, 
however, in making out the corresponding results for all the five planets, 
as presented in the annexed table, to adhere to the directions of the 
text itself. The inaccuracy, it may be observed, is greatest when the 
equation of motion is least, and the contrary ; so that, although some- 
times very large relatively to the equation, it never comes to be of any 
great importance absolutely. 

Results of the Processes for finding the True Daily Motion of the Planets. 
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The final abandonment by the Hindus of the principle of equable cir- 
cular motion, which lies at the foundation of the whole system of eccen- 
trics and epicycles, is, as already pointed out above (under vv. 43-45), 
distinctly exhibited in this process: m' m (Fig. 7), the arc in the epi- 
cycle traversed by the planet during a given interval of time, is no fixed 
and equal quantity, but is dependent upon the arc M' M, the value of 
which, having suffered correction by the result of a triply complicated 
process, is altogether irregular and variable. This necessarily follows 
from the assumption of simultaneous and mutual action on the part of 
the beings at the apsis and conjunction, and the consequent impossibility 
of constructing a single connected geometrical figure which shall repre- 
sent the joint effect of the two disturbing influences. By the Ptolemaic 
method the principle is consistently preserved : the fixed axis of the 
epicycle (see Fig. 6, p. 217), to the revolution of which that of the 
epicycle itself is bound, is x P X ; and as the angle xPT, like x X A", 
increases equably, the planet traverses the circumference of the epicycle 
with an unvarying motion relative to the fixed point * ; although the 
equation is derived, not from the arc xT, but from eT, the equivalent of 
C E, its part e x varying with the varying angle E P X. 

In case the reverse motion of the planet upon the half-circumference 
of the epicycle within the mean orbit is, when projected upon the orbit, 
greater than the direct motion of the centre of the epicycle, the planet 
will appear to move backward in its orbit, at a rate equal to the excess 
of the former over the latter motion. This is, as the last table shows, 
the case with Jupiter and Saturn at the given time. The subject of the 
retrogradation of the planets is continued and completed in the next 
following passage. 

52. When at a great distance from its conjunction (gighrocca), 
a planet, having its substance drawn to the left and right by 
slack cords, comes then to have a retrograde motion. 

53. Mars and the rest, when their degrees of commutation 
(kendra), in the fourth process, are, respectively, one hundred 
and sixty-four, one hundred and forty-four, one hundred and 
thirty, one hundred and sixty-three, one hundred and fifteen, 

51. Become retrograde (vakrin) : and when their respective 
commutations are equal to the number of degrees remaining 
after subtracting those numbers, in each several case, from a 
whole circle, they eease retrogradation. 

55. In accordance with the greatness of their epicycles of the 
conjunction (glghraparidhi), Venus and Mars cease retrograding 
in the seventh sign, Jupiter and Mercury in the eighth, Saturn 
in the ninth. 

The subject of the stations and retrogradations of the planets is 
rather briefly and summarily disposed of in this passage, although 
treated with as much fullness, perhaps, as is consistent with the general 
method of the Siddhauta. Ptolemy devotes to it the greater part of 
the twelfth book of the Syntaxis. 
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The first verse gives the theory of the physical cause of the phenome- 
non : it is to be compared with the opening verses of the chapter, 
particularly verse 2. We note here, again, the entire disavowal of the 
system of epicycles as a representation of the actual movements of the 
planets. How the slackness of the cords by which each planet is 
attached to, and attracted by, the supernatural being at its conjunction, 
furnishes an explanation of its retrogradation which should commend 
itself as satisfactory to the mind even of one who believed in the super- 
natural being and the cords, we find it very hard to see, in spite of the 
explanation of the commentary : it might have been better to omit 
verse 52 altogether, and to suffer the phenomenon to rest upon the 
simple and intelligible explanation given at the end of the preceding 
verse, which is a true statement of its cause, expressed in terms of the 
Hindu system. The actual reason of the apparent retrogradation is, 
indeed, different in the case of the inferior and of the superior planets. 
As regards the former, when they are traversing the inferior portion of 
their orbits, or are nearly between the sun and the earth, their helio- 
centric eastward motion becomes, of course, as seen from the earth, 
westward, or retrograde; by the parallax of the earth's motion in the 
same direction this apparent retrogradation is diminished, both in rate 
and in continuance, but is not prevented, because the motion of the 
inferior planets is more rapid than that of the earth. The retrograda- 
tion of the superior planets, on the other hand, is due to the parallax of 
the earth's motion in the same direction when between them and the 
sun, and is lessened by their own motion in their orbits, although not 
done away with altogether, because their motion is less rapid than that 
of the earth. But, in the Hindu system, the revolution of the planet in 
the epicycle of the conjunction represents in the one case the proper 
motion of the planet, in the other, that of the earth, reversed ; hence, 
whenever its apparent amount, in a contrary direction, exceeds that of 
the movement of the centre of the epicycle — which is, in the one case, 
that of the earth, in the other, that of the planet itself — retrogradation 
is the necessary consequence. 

Verses 53-55 contain a statement of the limits within which retro- 
gradation takes place. The data of verse 53 belong to the different 
planets in the order, Mars, Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). That is to say, Mercury retrogrades, when his 
equated commutation, as made use of in the fourth process for finding 
his true place (see above, under vv\ 43-45), is more than 144° and less 
than 216°; Venus, when her commutation, in like manner, is between 
163° and W1° ; Mars, between 164° and 196°; Jupiter, betweeu 130° 
and 230°; Saturn, between 115° and 245°. These limits ought not, 
however, even according to the theory of this Siddhanta, to'be laid 
down with such exactness ; for the precise point at which the subtractive 
equation of motion for the conjunction will exceed the proper motion 
of the planet must depend, in part, upon the varying rate of the latter 
as affected by its eccentricity, and must accordingly differ a little at 
different times. We have not thought it worth while to calculate the 
amount of this variation, nor to draw up a comparison of the Hindu 
with the Greek and the modern determinations of the limits of retro- 
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gradation, since these are dependent for their correctness upon the accu- 
racy of the elements assumed, and the processes employed, hoth of 
which have been already sufficiently illustrated. 

The last verse of the passage adds little to what had been already 
said, being merely a repetition, in other and less precise terms, of the 
specifications of the preceding verse, together with the assertion of a 
relation between the limits of retrogradation and the dimensions of the 
respective epicycles ; a relation which is only empirical, and which, as 
regards Venus and Mars, does not quite hold good. 

56. To the nodes of Mars, Saturn, and Jupiter, the equation 
of the conjunction is to be applied, as to the planets themselves 
respectively; to those of Mercury and Venus, the equation of 
the apsis, as found by the third process, in the contrary direction. 

57. The sine of the arc found by subtracting the place of the 
node from that of the planet — or, in the case of Venus and 
Mercury, from that of the conjunction — being multiplied by the 
extreme latitude, and divided by the last hypothenuse — or, in 
the case of the moon, by radius — gives the latitude (vikshepa). 

58. "When latitude and declination (apakrama) are of like 
direction, the declination (Jcrdnti) is increased by the latitude ; 
when of different direction, it is diminished by it, to find the 
true (spashta) declination : that of the sun remains as already 
determined. 

How to find the declination of a planet at any given point in the 
ecliptic, or circle of declination (krdntivrtta), was taught us in verse 28 
above, taken in connection with verses 9 and 10 of the next chapter : 
here we have stated the method of finding the actual declination of any 
planet, as modified by its deviation in latitude from the ecliptic. 

The process by which the amount of a planet's deviation in latitude 
from the ecliptic is here directed to be found is more correct than might 
have been expected, considering how far the Hindus were from compre- 
hending the true relations of the solar system. The three quantities 
employed as data in the process are, first, the angular distance of the 
planet from its node ; second, the apparent value, as latitude, of its 
greatest removal from the ecliptic, when seen from the earth at a mean 
distance, equal to the radius of its mean orbit ; and lastly, its actual 
distance from the earth. Of these quantities, the second is stated for 
each planet in the concluding verses of the first chapter ; the third is 
correctly represented by the variable hypothenuse (cala karna) found in 
the fourth process for determining the planet's true place (see above, 
under vv. 43-45) ; the first is still to be obtained, and verse 56 with the 
first part of verse 57 teach the method of ascertaining it. The princi- 
ple of this method is the same for all the planets, although the state- 
ment of it is so different ; it is, in effect, to apply to the mean place of 
the planet, before taking its distance from the node, only the equation 
of the apsis, found as the result of the third process. In the case of 
the superior planets, this method has all the correctness which the 
Hindu system admits ; for by the first three processes of correction is 
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found, as nearly as the Hindus are able to find it, the true heliocentric 
place of the planet, the distance from which to the node determines, of 
course, the amount of removal from the ecliptic. Instead, however, of 
taking this distance directly, rejecting altogether the fourth equation, 
that for the parallax of the earth's place, the Hindus apply the latter 
both to the planet and to the node ; their relative position thus remains 
the same as if the other method had been adopted. 

Thus, for instance, the position of Jupiter's node upon the first of 
January, I860, is found from the data already given above (see i. 41-44) 
to be 2" 19° 40'; his true heliocentric longitude, employed as a datum in 
the fourth process (see p. 216), is 3* 1° 6'; Jupiter's heliocentric dis- 
tance from the node is, accordingly, 11° 26'. Or, by the Hindu method, 
the planet's true geocentric place is 3 s 4° 11', and the corrected longi- 
tude of its node is 2" 22° 45'; the distance remains, as before, 11° 26'. 

In the case of the inferior planets, as the assumptions of the Hindus 
respecting them were farther removed from the truth of nature, so their 
method of finding the distance from the node is more arbitrary and less 
accurate. In their system the heliocentric position of the planet is rep- 
resented by the place of its conjunction (ftffhra), and they had, as is- 
shown above (see ii. 8), recognized the fact that it was the distance of 
the latter from the node which determined the amount of deviation from 
the ecliptic. Now, in ascertaining the heliocentric distance of an infe- 
rior planet from its node, allowance needs to be made, of course, for the 
effect upon its position of the eccentricity of its orbit. But the Hindu 
equation of the apsis is no true representative of this effect : it is calcu- 
lated in order to be applied to the mean place of the snn r the assumed 
centre of the epicycle — that is, of the true orbit ; its value, as found, is 
geocentric, and, as appears by the table on p. 220, is widely different 
from its heliocentric value ; and its sign is plus or minus according as 
its influence is to carry the planet, as seen from the earth,, eastward or 
westward ; while, in either case, the true heliocentric effect may be at 
one time to bring the planet nearer to, at another time to carry it farther 
from, the node. The Hindus, however, overlooking these incongruities, 
and having, apparently, no distinct views of the subject to guide them' 
to a correcter method, follow with regard to Venus and Mercury what 
seems to them the same rule as was employed in the case of the other 
planets — they apply the equation of the apsis, the result of the third 
process, to the mean place of the conjunction; only here, as before, by 
an indirect process : instead of applying it to the conjunction itself, they 
apply it with a contrary sign to the node, the effect upon the relative 
position of the two being the same. 

Thus, for instance, the longitude of Mercury's conjunction at the 
given time is (see p. 214) 4 s 16° 57'; from this subtract 2° 2', the equa- 
tion of the apsis found by the third process, and its equated longitude 
is 4 s 14° 55' : now deducting the longitude of the node at the same 
time, which is 20° 41', we ascertain the planet's distance from the node 
to be 3 s 24° 14'. Or, by the Hindu method, add the same equation to 
the mean position of the node, and its equated longitude is 22° 43' ; 
subtract this from the mean longitude of the conjunction, and the dis- 
tance is, as before, 3 s 24° 14'. 
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The planet's distance from the node being determined, its latitude 
■would be found by a process similar to that prescribed in verse 28 of 
this chapter, if the earth were at the centre of motion ; and that rule is 
accordingly applied in the case of the moon ; the proportion being, as 
radius is to the sine of the distance from the node, so is the sine of ex- 
treme latitude (or the latitude itself, the difference between the sine and 
the arc being of little account when the arc is so small) to the latitude 
at the given point. In the case of the other planets, however, this pro- 
portion is modified by combination with another, namely : as the last 
variable hypothenuse (cala karna), which is the line drawn from the 
earth to the finally determined place of the planet, or its true distance, 
is to radius, its mean distance, so is its apparent latitude at the mean 
distance to its apparent latitude at its true distance. That is, with 

E : sin nod. dist. : : extreme lat. : actual lat. at dist. R 
combining var. hyp : R : : lat. at dist. R : lat. at true dist. 

we have var. hyp : sin nod. dist. : : extreme lat. : actual lat. at true dist. 
which, turned into an equation, is the rule in the latter half of v. 57. 

The latitude, as thus found, is measured, of course, upon a secondary 
to the ecliptic. By the rule in verse 58, however, it is treated as if 
measured upon a circle of declination, and is, without modification, 
added to or subtracted from the declination, according as the direction 
of the two is the same or different. The commentary takes note of this 
error, but explains it, as in other similar cases, as being, " for fear of 
giving men trouble, and on account of the very slight inaccuracy, over- 
looked by the blessed Sun, moved with compassion." 

We present in the annexed table the results of the processes for calcu- 
lating the latitude, the declination, and the true declination as affected 
by latitude, of all the planets, at the time for which their longitude has 
already been found. The declination is calculated by the rule in verse 
28 of this chapter, the precession at the given time being, as found 
under verses 9-12 of the next chapter, 20° 24' 39". Upon the line for 
the sun in the table are given the results of the process for calculating 
his declination, the equinox itself being accounted as a " node" : it is, in 
fact, styled, in modern Hindu astronomy, kr&ntip&ta, " node of declina- 
tion," although that term does not occur in this treatise. 

Results of live Process for finding the Latitude and Declination of the 

Planets. 



Planet. 


Longitude 
of Node. 


do. 
corrected. 


Distance 

from Node. 


Sine. 


Latitude. 


Declination. 


Corrected 
Declination. 


Sun, 

Moon, 

Mercury, 

Venus, 

Mars, 

Jupiter, 

Saturn, 


B « ' " 

o 20 24 38 
9 24 24 43 

20 4o 4' 
i 29 39 22 

1 10 3 5 

2 19 4o 5 

3 10 20 45 


B « ' 

22 43 

1 29 16 

2 i3 47 

2 22 45 

3 14 38 


a . 

9 8 4o 

I 23 1 4 

3 24 i4 
8 22 34 

4 4 58 
11 26 
16 24 


3397 
2754 
3i34 
3409 
28T6 
682 
970 


3 36 N. 
2 4N. 
1 21 S. 
1 4N. 
i5N. 
37 N. 


23 4i S. 

4 56 N. 

23 10 S. 

20 27 S. 
14 52 S. 

21 42 N. 
14 4o N 


8 32 N. 
21 6 s - . 
21 48 P, 
i3 48 -'. 
21 57 N. 
i5 17 N. 



We are now able to compare the Hindu determinations of the true 
places and motions of the planets with their actual positions and motions, 
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as obtained by modern science. The comparison is made in the annexed 
table. As the longitudes given by the Surya-Siddhanta contain a con- 
stant error of 2° 20', owing to the incorrect rate of precession adopted 
by the treatise, and the false position thence assigned to the equinox, we 
give, under the head of longitude, the distance of each planet both from 
the Hindu equinox, and from the true vernal equinox of Jan. 1, 1860. 
The Hindu daily motions are reduced from longitude to right ascension 
by the rule given in the next following verse (v. 59). The modern data 
are taken from the American Nautical Almanac. 

True Places and Motions of the Planets, Jan. 1st, 1860, midnight, at 
Washington, according to the S&rya-Siddkanta and to Modern Science. 





True Longitude. 




Daily Motion 


Planet. 


Sflrya Siddhanta : 




Declination. 


in Right Ascension. 




from 
Hindu eq. 


from 
true eq. 


Moderns. 


Surya- 
Siddhanta. 


Moderns. 


Surya- 
Siddhanta. 


Moderns. 


Sun, 


278 4o 


1 
276 20 


280 5 


23 4l S. 


23 5S. 


+ 66 2 


+ 66 18 


Moon, 


8 4 


5 44 


7 27 


8 32 N. 


6 56 N. 


+683 5o 


+655 14 


Mercury, 


a55 16 


252 56 


257 25 


21 6S. 


20 4> S. 


+ 3i i3 


+ 52 39 


Venus, 


3o5 


3o2 4o 


3o3 25 


2t 48 S. 


20 58 S. 


+ 72 59 


+ 78 6 


Mars, 


219 10 


216 5o 


22 1 33 


i3 48 S. 


14 23 S. 


+ 3i 58 


+ 36 19 


Jupiter, 


114 36 


112 16 


111 34 


21 5 7 N. 


22 1 N. 


- 8 21 


- 8 17 


Saturn, 


i4t 27 


•39 7 


145 32 


i5 17 N. 


14 i5N. 


- 3 3 


- 2 29 



The proper subject of the second chapter, the determination of the 
true places of the planets, being thus brought to a close, we should ex- 
pect to see the chapter concluded here, and the other matters which it 
contains put off to that which follows, in which they would seem more 
properly to belong. The treatise, however, is nowhere distinguished for 
its orderly and consistent arrangement. 

59. Multiply the daily motion of a planet by the time of 
rising of the sign in which it is, and divide by eighteen hun- 
dred ; the quotient add to, or subtract from, the number of respi- 
rations in a revolution : the result is the number of respirations 
in the day and night of that planet. 

In the first half of this verse is taught the method of finding the in- 
crement or decrement of right ascension corresponding to the increment 
or decrement of longitude made by any planet during one day. For the 
"time of rising" (udayapr&nas, or, more commonly, uday&savas, liter- 
ally "respirations of rising") of the different signs, or the time in respi- 
rations (see i. 11), occupied by the successive signs of the ecliptic in 

passing the meridian — or, at the equator, in rising above the horizon 

see verses 42-44 of the next chapter. The statement upon which the 
rule is founded is as follows: if the given sign, containing 1800' of arc 
(each minute of arc corresponding, as remarked above, under i. 11-12, 
to a respiration of sidereal time), occupies the stated number of respira- 
tions in passing the meridian, what number of respirations will be occu- 
pied by the arc traversed by the planet on a given day ? The result 
gives the amount by which the day of each planet, reckoned in the 
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manner of this Siddhanta, or from transit to transit across the inferior 
meridian, differs from a sidereal day : the difference is additive when the 
motion of the planet is direct ; subtractive, when this is retrograde. 

Thus, to find the length of the sun's day, or the interval between two 
successive apparent transits, at the time for which his true longitude and 
rate of motion have already been ascertained. The sun's longitude, as 
corrected by the precession, is 9 s 8° 40' ; he is accordingly in the tenth 
sign, of which the time of rising (udaydsavas), or the equivalent in right 
ascension, is 1935 p . His rate of daily motion in longitude is 61' 26". 
Hence the proportion 

1800' : 1935P : : 6i' 26" : 66P.o4 
shows that his day differs from the true sidereal day by ll v 0P.04. As 
his motion is direct, the difference is additive : the length of the appar- 
ent day is therefore 60 n ll v OP.04, which is equivalent to 24 h m 27".5, 
mean solar time. According to the Nautical Almanac, it is 24 h m 28 s .6. 
By a similar process, the length of Jupiter's day at the same time is 
found to be 59 n 58 v 4P, or 23 h 55 m 30 s .8 ; by the Nautical Almanac, it 
is 23 h 55 m 30 s . 

60. Calculate the sine and versed sine of declination : then 
radius, diminished by the versed-sine, is the day-radius: it ia 
either south or north. 

The quantities made use of, and the processes prescribed, in this and 
the following verses, may be explained and illustrated by means of the 
annexed figure (Pig. 8). 

Let the circle Z 8 Z' N represent the meridian of a given place, C 
p. g being the centre, the 

' place of the observer, 

SN the section of the 
plane of his horizon — 
S being the south, and 
N the north point— Z 
and Z' the zenith and 
its opposite point, 
the nadir, P and P 
the north and south 
poles, and E and E' 
the points on the me- 
ridian cut by the 
equator. Let E D be 
the declination of a 
planet at agiven time ; 
then D D' will be the 
diameter of the circle 
of diurnal revolution 
described by the 
planet, and BD the 
radius of that circle : 
B D is the line which 
in verse 60 is called the "day-radius.'' Draw DF perpendicular to EC : 
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then it is evident that B D is equal to E C diminished by E F, which is 
the versed sine of E D, the declination. 

For "radius" we have hitherto had only the term trijya (or its equiv- 
alents, trijiva, tribhajlva, tribhajyA, tribhamaurvika), literally " the sine 
of three signs," that is, of 90°. That term, however, is applicable only 
to the radius of a great circle, or to tabular radius. In this verse, 
accordingly, we have for "day-radius" the word dinavyasadala, "half- 
diameter of the day ;" and other expressions synonymous with this are 
found used instead of it in other passages. A more frequent name for 
the same quantity in modern Hindu astronomy is dyvjyd, " day-sine :" 
this, although employed by the commentary, is not found anywhere in 
our text. 

It is a matter for surprise that we do not find the day-radius declared 
equal simply to the cosine (kotijyd) of declination. 

In illustration of the rule, it will be sufficient to find the radius of the 
diurnal circle described by the sun at the time for which his place has 
been determined. His declination, E d (Fig. 8) was found to be 23° 41' : 
of this the versed sine, EF, is, by the table given above (ii. 22-2 V), 
290': the difference between this and radius, EC, or 3438', is 3148', 
which is the value of C F or bd, the day-radius. The declination in 
this case being south, the day-radius is also south of the equator. 

61. Multiply the sine of declination by the equinoctial shadow, 
and divide by twelve; the result is the earth-sine (kshitijya) ; 
this, multiplied by radius and divided by the day-radius, gives 
the sine of the ascensional difference (card): the number of 
respirations due to the ascensional difference 

62. Is shown by the corresponding arc. Add these to, and 
subtract them from, the fourth part of the corresponding day 
and night, and the sum and remainder are, when declination is 
north, the half-day and half-night ; 

63. When declination is south, the reverse ; these, multiplied 
by two, are the day and the night. The day and the night of 
the asterisms (bha) may be found in like manner, by means of 
their declination, increased or diminished by their latitude. 

We were taught in verse 59 how to find the length of the entire day 
of a planet at any given time ; this passage gives us the method of 
ascertaining the length of its day and of its night, or of that part of the 
day during which the planet is above, and that during which it is below, 
the horizon. 

In order to this, it is necessary to ascertain, for the planet in question, 
its ascensional difference (card), or the difference between its right and 
oblique ascension, the amount of which varies with the declination of 
the planet and the latitude of the observer. The method of doing this 
is stated in verse 61 : it may be explained by means of the last figure 
(Fig. 8). First, the value of the line A B, which is called the " earth- 
sine" {kshitijya), is found, by comparing the two triangles ABC and 
CHE, which are similar, since the angles A C B and C E H are each 
equal to the latitude of the observer. The triangle C H E is represented 
VOL. vi. 30 
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here by a triangle of which a gnomon of twelve digits is the perpen- 
dicular, and its equinoctial shadow, cast when the sun is in the equator 
and on the meridian (see the next chapter, verse V, etc.), is the base. 
Hence the proportion EH:HC::BC:ABis equivalent — since B C 
equals D F, the sine of declination — to gnom. : eq. shad. : : sin decl. : 
earth-sine. But the arc of which AB is sine is the same part of the 
circle of diurnal revolution as the ascensional difference is of the equa- 
tor ; hence the reduction of A B to the dimensions of a great circle, by 
the proportion BD:AB::CE:CG, gives the value of C G, the sine 
of the ascensional difference. The corresponding arc is the measure in 
time of the amount by which the part of the diurnal circle intercepted 
between the meridian and the horizon differs from a quadrant, or by 
which the time between sun-rise or sun-set and noon or midnight differs 
from a quarter of the day. 

In illustration of the process, we will calculate the respective length 
of the sun's day and night at Washington at the time for which our 
previous calculations have been made. 

The latitude of Washington being 38° 54', the length of the equi- 
noctial shadow cast there by a gnomon twelve digits long is found, by 
the rule given below (iii. 17), to be 9 d .68. The sine, dF or 6C, of the 
sun's declination at the given time, 23° 41' S, is 1380'. Hence the 
proportion 

is :9.68 : : i38o: iii3 
gives us the value of the earth-sine, a b, as 1113*. This is reduced to 
the dimensions of a great circle by the proportion 

3x48:3438: :iii3: 1216 
The value of Gg, the sine of ascensional difference, is therefore 1216': 
the corresponding arc is 20° 44', or 1244', which, as a minute of arc 
equals a respiration of time, is equivalent to 3 n 2V T 2p. The total 
length of the day was found above (under v. 59) to be 60 n ll v ; in- 
crease and diminish the quarter of this by the ascensional difference, 
and double the sum and remainder, and the length of the night is found 
to be 37 n V IP, and that of the day 23 n 10 v 5P, which are equivalent 
respectively to 14 h 45™ 38 s .6 and 9 h 14 m 48 s .9, mean solar time. 

Of course, the respective parts of a sidereal day during which each 
of the lunar mansions, as represented by its principal star, will remain 
above and below the horizon of a given latitude, may be found in the 
same manner, if the declination of the star is known ; and this is stated 
in the chapter (ch. viii) which treats of the asterisms. 

Why A B is called Jcshitijya is not easy to see. One is tempted 
to understand the term as meaning rather "sine of situation" than 
" earth-sine," the original signification of kskiti being " abode, resi- 
dence" : it might then indicate a sine which, for a given declination, 
varies with the situation of the observer. But that kshiti in this com- 
pound is to be taken in its other acceptation, of " earth," is at least 
strongly indicated by the other and more usual name of the sine in 
question, kujyti, which is used by the commentary, although not in the 
text, and which can only mean " earth-sine." The word cam, used to 
denote the ascensional difference, means simply " variable " ; we have 
elsewhere carakhanda, caradala, " variable portion" ; that is to say, the 
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constantly varying - amount by which the apparent day and night differ 
from the equatorial day and night of one half the whole day each. The 
gnomon, the equinoctial shadow, etc., are treated of in the next chapter. 

64. The portion (bhoga) of an asterism (bha) is eight hundred 
minutes; of a lunar day (tithi), in like manner, seven hundred 
and twenty. If the longitude of a planet, in minutes, be divided 
by the portion of an asterism, the result is its position in aster- 
isms : by means of the daily motion are found the days, etc. 

The ecliptic is divided (see ch. viii) into 27 lunar mansions or aster- 
isms, of equal amount; hence the portion of the ecliptic occupied by 
each asterism is 13° 20', or 800'. In order to find, accordingly, in 
which asterism, at a given time, the moon or any other of the planets 
is, we have only to reduce its longitude, not corrected by the precession, 
to minutes, and divide by 800 : the quotient is the number of asterisms 
traversed, and the remainder the part traversed of the asterism in which 
the planet is. The last clause of the verse is very elliptical and obscure ; 
according to the commentary, it is to be understood thus : divide by the 
planet's true daily motion the part past and the part to come of the 
current asterism, and the quotients are the days and fractions of a day 
which the planet has passed, and is to pass, in that asterism. This in- 
terpretation is supported by the analogy of the following verses, and is 
doubtless correct. 

The true longitude of the moon was found above (under v. 39) to be 
11 s 17° 39', or 20,859'. Dividing by 800, we find that, at the given 
time, the moon is in the 27th, or last, asterism, named Revati, of which 
it has traversed 59', and has 741' still to pass over. Its daily motion 
being 737', it has spent 28 v 4P, and has yet to continue l d n 19 v 31', in 
the asterism. 

The latter part of this process proceeds upon the assumption that the 
planet's rate of motion remains the same during its whole continuance 
in the asterism. A similar assumption, it will be noticed, is made in all 
the processes from verse 59 onward ; its inaccuracy is greatest, of course, 
where the moon's motion is concerned. 

Respecting the lunar day (tithi) see below, under verse 66. 

65. From the number of minutes in the sum of the longitudes 
of the sun and moon are found the yogas, by dividing that sum 
by the portion (bhoga) of an asterism. Multiply the minutes 
past and to come of the current yoga by sixty, and divide by 
the sum of the daily motions of the two planets : the result is 
the time in nMis. 

What the yoga is, is evident from this rule for finding it ; it is the 
period, of variable length, during which the joint motion in longitude of 
the sun and moon amounts to 13° 20', the portion of a lunar mansion. 
According to Colebrooke (As. Res., ix. 365 ; Essays, ii. 362, 363), the 
use of the yogas is chiefly astrological ; the occurrence of certain mova- 
ble festivals is, however, also regulated by them, and they are so fre- 
quently employed that every Hindu almanac contains a column speci- 
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fying the yoga for each day, with the time of its termination. The 
names of the twenty-seven yogas are as follows : 

i. Vishkambha. 10. Ganda. 19. Parigha. 

2. Priti. 11. Vrddhi. 20. Qiva. 

3. Ayushmant. 12. Dhruva. 21. Siddha. 

4. Saubhagya. i3. Vyaghata. 22. Sadhya. 

5. Qobhana. i4. Harshana. 23. Qubha. 

6. Atigaijda. i5. Vajra. 24. Qukla. 

7. Sukarman. 16. Siddhi. 25. Brahman. 

8. Dhrti. 17. Vyatipata. 26. Indra. 

9. Quia. 18. Varlyas. 27. Vaidbrti. 

There is also in use in India (see Colebrooke, as above) another 
system of yogas, twenty-eight in number, having for the most part 
different names from these, and governed by other rules in their succes- 
sion. Of this system the Surya-Siddhanta presents no trace. 

We will find the time in yogas corresponding to that for which the 
previous calculations have been made. 

The longitude of the moon at that time is 11 s 17° 39', that of the 
sun is 8 s 18° 15'; their sum is 8 s 5° 54', or 14,754'. Dividing by 800, 
we find that eighteen yogas of the series are past, and that the current 
one is the nineteenth, Parigha, of which 354'. are past, and 446' to 
come. To ascertain the time at which the current yoga began and that 
at which it is to end, we divide these parts respectively by 798'^, the 
sum of the daily motions of the sun and moon at the given time, and 
multiply by 60 to reduce the results to nadls : and we find that Parigha 
began 26 n 36 v before, and will end 33 n 30 v 4P after the given time. 

The name yoga, by which this astrological period is called, is applied 
to it, apparently, as designating the period during which the "sum" 
(yoga) of the increments in longitude of the sun and moon amounts to a 
given quantity. It seems an entirely arbitrary device of the astrologers, 
being neither a natural period nor a subdivision of one, not being of 
any use that we can discover in determining the relative position, or 
aspect, of the two planets with which it deals, nor having any assignable 
relation to the asterisms, with which it is attempted to be brought into 
connection. Were there thirty yogas, instead of twenty-seven, the 
period would seem an artificial counterpart to the lunar day, which is 
the subject of the next verse ; being derived from the sum, as the other 
from the difference, of the longitudes of the sun and moon. 

66. From the number of minutes in the longitude of the moon 
diminished by that of the sun are found the lunar days (tithi), 
by dividing the difference by the portion (bhoga) of a lunar day. 
Multiply the minutes past and to come of the current lunar day 
by sixty, and divide by the difference of the daily motions of 
the two planets : the result is the time in nadis. 

The tithi, or lunar day, is (see i. 13) one thirtieth of a lunar month, 
or of the time during which the moon gains in longitude upon the sun 
a whole revolution, or 360° : it is, therefore, the period during which 
the difference of the increment of longitude of the two planets amounts 
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to 12°, or 720', which arc, as stated in verse 64, is its portion (bhoga). 
To find the current lunar day, we divide by this amount the whole ex- 
cess of the longitude of the moon over that of the sun at the given 
time ; and to find the part past and to come of the current day, we con- 
vert longitude into time in a manner analogous to that employed in the 
case of the yoga. 

Thus, to find the date in lunar time of the midnight preceding the 
first of January, 1860, we first deduct the longitude of the sun from that 
of the moon ; the remainder is 2 s 29° 24', or 5364' : dividing by 720, 
it appears that the current lunar day is the eighth, and that 324' of its 
portion are traversed, leaving 396' to be traversed. Multiplying these 
numbers respectively by 60, and dividing by 675' 38", the difference of 
the daily motions at the time, we find that 28 n 46 v 2P have passed since 
the beginning of the lunar day, and that it still has 35 n 10 v 8P to run. 

The lunar days have, for the most part, no distinctive names, but 
those of each half month (paksha — see above, under i. 48-51) are 
called first, second, third, fourth, etc., up to fourteenth. The last, or 
fifteenth, of each half has, however, a special appellation : that which 
concludes the first, the light half, ending at the moment of opposition, 
is called paurnam&sl, purnimd, purnamd, " day of full moon ;" that 
which closes the month, and ends with the conjunction of the two 
planets, is styled am&v&sya, " the day of dwelling together." 

Each lunar day is farther divided into two halves, called karana, as 
appears from the next following passage. 

67. The fixed (dhruva) karanas, namely cakuni, ndga, catush- 
pada the third, and kinstughna, are counted from the latter half 
of the fourteenth day of the dark half-month. 

68. After these, the karanas called movable (cam), namely 
bava, etc., seven of them : each of these karanas occurs eight 
times in a month. 

69. Half the portion (bhoga) of a lunar day is established as 
that of the karanas .... 

Of the eleven karanas, four occur only once in the lunar month, 
while the other seven are repeated each of them eight times to fill out 
the remainder of the month. Their names, and the numbers of the 
half lunar days to which each is applied, are presented below : 

i. Kinstughna. ist. 

2. Bava. and, 9th, 16th, 23rd, 3oth, 37th, 44th, 5tst. 

3. Balava. 3rd, 10th, 17th, 24th, 3ist, 38th, 45th, 52nd. 

4. Kaulava. 4th, nth, 18th, 25th, 32nd, 39th, 46th, 53rd. 

5. Taitila. 5th, 12th, 19th, 26th, 33rd, 4oth, 47th, 54th. 

6. Gara. 6th, i3th, 20th, 27th, 34th, 4ist, 48th, 55th. 

7. Banij. 7th, i4th, 21st, 28th, 35th, 42nd, 49th, 56th. 

8. Vishti. 8th, i5tb, 22nd, 29th, 36th, 43rd, 5oth, 57th. 

9. Qakuni. 58th. 
10. NSga. 59th. 
1 r. Catushpada. 60th. 
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Most of these names are very obscure : the last three mean " hawk," 
" serpent," and " quadruped." Karana itself is, by derivation, " factor, 
cause :" in what sense it is applied to denote these divisions of the 
month, we do not know. Nor have we found anywhere an explanation 
of the value and use of the karanas in Hindu astronomy or astrology. 

The time which we have had in view in our other calculations being, 
as is shown under the preceding passage, in the first half of the eighth 
lunar day, is, of course, in the fifteenth karana, which is named Vishti. 

The remaining half-verse is simply a winding-up of the chapter. 

69 Thus has been declared the corrected (sphuta) mo- 
tion of the sun and the other planets. 

The following chapter is styled the "chapter of the three inquiries" 
(triprapn&dhiMra). According to the commentary, this means that it 
is intended by the teacher as a reply to his pupil's inquiries respecting 
the three subjects of direction (dip), place (dega), and time (k&la). 



CHAPTER III. 



OF DIRECTION, PLACE, AND TIME. 

Contents : — 1-6, construction of the dial, and description of its parts; 7, the 
measure of amplitude ; 8, of the gnomon, hypothenuse, and shadow, any two 
being given, to find the third; 9-12, precession of the equinoxes; 1 '2-1 3, the 
equinoctial shadow ; 1 3-14, to find, from the equinoctial shadow, the latitude and 
co-latitude; 14-17, the sun's declination being known, to find, from a given 
shadow at noon, his zenith-distance, the latitude, and its sine and cosine; 17, lati- 
tude being given, to find the equinoctial shadow; 17-20, to find, from the lati- 
tude and the sun's zenith-distance at noon, his declination and his true and mean 
longitude ; 20-22, latitude and declination being given, to find the noon-shadow 
and hypothenuse ; 22-23, from the sun's declination and the equinoctial shadow, 
to find the measure of amplitude ; 23-26, to find, from the equinoctial shadow 
and the measure of amplitude at any given time, the base of the shadow ; 26-27, 
to find the hypothenuse of the shadow when the sun is upon the prime vertical; 
27-28, the sun's declination and the latitude being given, to find the sine and the 
measure of amplitude ; 28-33, to find the sines of the altitude and zenith-distance 
of the sun, when upon the south-east and south-west vertical circles ; 33-34, to 
find the corresponding shadow and hypothenuse; 34-36, the sun's ascensional dif- 
ference and the hour-angle being given, to find the sines of his altitude and zenith- 
distance, and the corresponding shadow and hypothenuse ; 37-39, to find, by a 
contrary process, from the shadow of a given time, the sun's altitude and zenith- 
distance, and the hour-angle ; 40-41, the latitude and the sun's amplitude being 
known, to find his declination and true longitude; 41-42, to draw the path de- 
scribed by the extremity of the shadow; 42-45, to find the arcs of right and 
oblique ascension corresponding to the several signs of the ecliptic; 46-48, the 
sun's longitude and the time being known, to find the point of the ecliptic which 
is upon the horizon ; 49, the sun's longitude and the hour-angle being known, to 
find the point of the ecliptic which is upon the meridian ; 50-51, determination 
of time by means of these data. 
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1. On a stony surface, made water-level, or upon hard plaster, 
made level, there draw an even circle, of a radius equal to any 
required number of the digits (angula) of the gnomon (ganhu). 

2. At its centre set up the gnomon, of twelve digits of the 
measure fixed upon ; and where the extremity of its shadow 
touches the circle in the former and after parts of the day, 

3. There fixing two points upon the circle, and calling them 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (timi), a north and south line. 

4. Midway between the north and south directions draw, by 
a fish-figure, an east and west line : and in like manner also, by 
fish-figures (matsya) between the four cardinal directions, draw 
the intermediate directions. 

5. Draw a circumscribing square, by means of the lines going 
out from the centre ; by the digits of its base-line (bhujasutra) 
projected upon that is any given shadow reckoned. 

In this passage is described the method of construction of the Hindu 
dial, if that can properly be called a dial which is without hour-lines, 
and does not give the time by simple inspection. It is, as will be at 
once remarked, a horizontal dial of the simplest character, with a verti- 
cal gnomon. This gnomon, whatever may be the length chosen for it, 
is regarded as divided into twelve equal parts called digits (angula, 
'finger"). The ordinary digit is one twelfth of a span (vitasti), or one 
twenty-fourth of a cubit (hasta) : if made according to this measure, 
then, the gnomon would be about nine inches long. Doubtless the first 
gnomons were of such a length, and the rules of the gnomonic science 
were constructed accordingly, " twelve " and " the gnomon " being used, 
as they are used everywhere in this treatise, as convertible terms : thus 
twelve digits became the unvarying conventional length of the staff, and 
all measurements of the shadow and its hypothenuse were made to cor- 
respond. How the digit was subdivided, we have nowhere any hint. 
In determining the directions, the same method was employed which is 
still in use ; namely, that of marking the points at which the extremity 
of the shadow, before and after noon, crosses a circle described about 
the base of the gnomon ; these points being, if we suppose the sun's 
declination to have remained the same during the interval, at an equal 
distance upon either side from the meridian line. In order to bisect the 
line joining these points by another at right angles to it, which will be 
the meridian, the Hindus draw the figure which is called here the "fish" 
(muUya or timi) ; that is to say, from the two extremities of the line in 
question as centres, and with a radius equal to the line itself, arcs of 
circles are described, cutting one another in two points. The lenticular 
figure formed by the two arcs is the " fish ;" through the points of 
intersection, which are called (in the commentary) the "mouth" and 
"tail," a line is drawn, which is the one required. The meridian being 
thus determined, the east and west line, and those for the intermediate 
points of directions, are laid down from it, by a repetition of the same 
process. A square (caturasra, "having four corners") is then farther 
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described about the general centre, or about a circle drawn about that 
centre, the eastern and western sides of which are divided into digits ; 
its use is, to aid in ascertaining the "base" (bhuja) of any given shadow, 
which is the value of the latter when projected upon a north and south 
line (see below, vv. 23-25) ; the square is drawn, as explained by the 
commentary, in order to insure the correctness of the projection, by a 
line strictly parallel to the east and west line. 

The figure (Fig. 9) given below, under verse 7, will illustrate the form 
'of the Hindu dial, as described in this passage. 

The term used for " gnomon" is panku, which means simply " staff." 
For the shadow, we have the common word ch&yd, "shadow," and also, 
in many places, prabhd and bha, which properly signify the very oppo- 
site of shadow, namely " light, radiance :" it is difficult to see how they 
should come to be used in this sense ; so far as we are aware, they are 
applied to no other shadow than that of the gnomon. 

6. The east and west line is called the prime vertical (sama- 
mandala) ; it is likewise denominated the east and west hour 
circle (unmandala) and the equinoctial circle (vishuvanmandalu). 

The line drawn east and west through the base of the gnomon may 
be regarded as the line of common intersection at that point of three 
great circles, as being a diameter to each of the three, and as thus enti- 
tled to represent them all. These circles are the ones which in the last 
figure (Fig. 8, p. 232) are shown projected in their diameters ZZ', PP', 
and E E' ; the centre C, in which the diameters intersect, is itself the 
projection of the line in question here. Z Z' represents the prime verti- 
cal, which is styled samamandala, literally " even circle :" P P' is the 
hour circle, or circle of declination, which passes through the east and 
west points of the observer's horizon ; it is called unmandala, " up-cir- 
cle "—that is to say, the circle which in the oblique sphere is elevated ; 
E E' finally, the equator, has the name of vishuvanmandala, or vishuvad- 
vrtta, "circle of the equinoxes;" the equinoctial points themselves 
being denominated vishuvat, or vishuva, which may be rendered " point 
of equal separation." The same line of the dial might be regarded as 
the representative in like manner of a fourth circle, that of the horizon 
(hshitija), projected, in the figure, in S N : hence the commentary adds 
it also to the other three ; it is omitted in the text, perhaps, because it is 
represented by the whole circle drawn about the base of the gnomon, 
and not by this diameter alone. 

The specifications of this verse, especially of the latter half of it, are 
of little practical importance in the treatise, for there hardly arises a 
case, in any of its calculations, in which the east and west axis of the 
dial comes to be taken as standing for these circles, or any one of them. 
In drawing the base {bhuja) of the shadow, indeed, it does represent the 
plane of the prime vertical (see below, under vv. 23-25) ; but this is 
not distinctly stated, and the name of the prime vertical {samamandala) 
occurs in only one other passage (below, v. 26) : the east and west hour- 
circle (unmandala) is nowhere referred to again : and the equator, as 
will be seen under the next verse, is properly represented on the dial, 
not by its east and west axis, but by the line of the equinoctial shadow. 
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7. Draw likewise an east and west line through the extremity 
of the equinoctial shadow (vishuvadbhd) ; the interval between 
any given shadow and the line of the equinoctial shadow is de- 
nominated the measure of amplitude {agrd). 

The equinoctial shadow is defined in a subsequent passage (vv. 12, 
13) ; it is, as we have already had occasion to notice (under ii. 61-63), 
the shadow cast at mid-day when the sun is at either equinox — that is 
to say, when he is in the plane of the equator. Now as the equator is 
a circle of diurnal revolution, the line of intersection of its plane with 
that of the horizon will be an east and west line ; and since it is also a 
great circle, that line will pass through the centre, the place of the ob- 
server : if, therefore, we draw through the extremity of the equinoctial 
shadow a line parallel to the east and west axis of the dial, it will repre- 
sent the intersection with the dial of an equinoctial plane passing 
through the top of the gnomon, and in it will terminate the lines drawn 
through that point from any point in the plane of the equator ; and 
hence, it will also coincide with the path of the extremity of the shadow 
on the day of the equinox. Thus, let the following figure (Fig. 9) rep- 
resent the plane of the dial, NS and EW being its two axes, and b the 
base of the gnomon : and let the shadow cast at noon when the sun is 
upon the equator be, 

in a given latitude, g- 

be: then be is the 
equinoctial shadow, 
and Q Q', drawn 
through e and paral- 
lel to EW, is the 
path of the equinoc- 
tial shadow, being 
the line in which a 
ray of the sun, from 
any point in the plane 
of the equator, pass- 
ing through the top 
of the gnomon, will 
meet the face of the 
dial. In the figure 
as given, the circle 
is supposed to be described about the base of the gnomon with a radius 
of forty digits, and the graduation of the eastern and western sides of 
the circumscribing square, used in measuring the base (bhvja) of the 
shadow, is indicated : the length given to the equinoctial shadow corre- 
sponds to that which it has in the latitude of Washington. 

It is not, however, on account of the coincidence of QQ' with the 
path of the equinoctial shadow that it is directed to be permanently 
drawn upon the dial-face : its use is to determine for any given shadow 
its agra, or measure of amplitude. Thus, let bd, bd', bk,bl,bm, be 
shadows cast by the gnomon, under various conditions of time and dec- 
lination : then the distance from the extremity of each of them to the 
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line of the equinoctial shadow, or de, d' e, ke', le", me'" respectively, is 
denominated the agr& of that shadow or of that time. 

The term agrd we have translated "measure of amplitude," because 
it does in fact represent the sine of the sun's amplitude — understanding 
by "amplitude" the distance of the sun at rising or setting from the 
east or west point of the horizon — varying with the hypothenuse of the 
shadow, and always maintaining to that hypothenuse the fixed ratio of 
the sine of amplitude to radius. That this is so, is assumed by the text 
in its treatment of the agrd, but is nowhere distinctly stated, nor is the 
commentator at the pains of demonstrating the principle. Since, how- 
ever, it is not an immediately obvious one, we will take the liberty of 
giving the proof of it. 

In the annexed figure (Fig. 10) let C represent the top of the gnomon, 
and let K be any given position of the sun in the heavens. From K 
draw KB' at right angles to the plane of the prime vertical, meeting that 

Pig. 10. 




plane in B', and let the point of its intersection with the plane of the 
equator be in E'. Join K C, E' C, and B' C. Then K C is radius, and 
E' K is equal to the sine of the sun's amplitude : for if, in the sun's 
daily revolution, the point K is brought to the horizon, E' B' will disap- 
pear, K E' C will become a right angle, K C E' will be the amplitude, 
and E' K its sine ; but, with a given declination, the value of E' K re- 
mains always the same, since it is a line drawn in a constant direction 
between two parallel planes, that of the circle of declination and that of 
the equator. Now conceive the three lines intersecting in C to be pro- 
duced until they meet the plane of the dial in &', e', and k respectively ; 
these three points will be in the same straight line, being in the line of 
intersection with the horizon of the plane KB'C produced, and this 
line, V k, will be at right angles to B' V, since it is the line of intersec- 
tion of two planes, each of which is at right angles to the plane of the 
prime vertical, in which B' b' lies. K B' and k b' are therefore parallel, 
and the triangles C E' K and C e' k are similar, and e' k : C k : : E' K : C K. 
But Ck is the hypothenuse of the shadow at the given time, and e' k is 
the agrd, or measure of amplitude, since e', by what was said above, is 
in the line of the equinoctial shadow ; therefore meas. ampl. : hyp. 
shad. : : sin ampl. : R. Hence, if the declination and the latitude, which 
together determine the sine of amplitude, be given, the measure of 
amplitude will vary with the hypothenuse of the shadow, and the 
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measure of amplitude of any given shadow will be to that of any other, 
as the hypothenuse of the former to that of the latter. 

The lettering of the above figure is made to correspond, as nearly as 
may be, with that of the one preceding, and also with that of the one 
given later, under verses 13 and 14, in either of which the relations of 
the problem may be farther examined. 

There are other methods of proving the constancy of the ratio borne 
by the measure of amplitude to the hypothenuse of the shadow, but we 
have chosen to give the one which seemed to us most likely to be that 
by which the Hindus themselves deduced it. Our demonstration is in 
one respect only liable to objection as representing a Hindu process — 
it is founded, namely, upon the comparison of oblique-angled triangles, 
which elsewhere in this treatise are hardly employed at all. Still, 
although the Hindus had no methods of solving problems excepting 
in right-angled trigonometry, it is hardly to be supposed that they re- 
frained from deriving proportions from the similarity of oblique-angled 
triangles. The principle in question admits of being proved by means 
of right-angled triangles alone, but these would be situated in different 
planes. 

Why the line on the dial which thus measures the sun's amplitude is 
called the agrd, we have been unable thus far to discover. The word, 
a feminine adjective (belonging, probably, to rekhd, "line," understood), 
literally means " extreme, first, chief." Possibly it may be in some way 
connected with the use of anlyd, " final, lowest," to designate the line 
Eg or EG (Fig. 8, p. 232) : see below, under v. 35. The sine of ampli- 
tude itself, aC or AC (Fig. 8), is called below (vv. 27-30) agtajyi. 

8. The square root of the sum of the squares of the gnomon 
and shadow is the hypothenuse : if from the square of the latter 
the square of the gnomon be subtracted, the square root of the 
remainder is the shadow : the gnomon is found by the converse 
process. 

This is simply an application of the familiar rule, that in a right- 
angled triangle the square of the hypothenuse is equal to the sum of 
the squares of the other two sides, to the triangle produced by the 
gnomon as perpendicular, the shadow as base, and the hypothenuse of 
the shadow, the line drawn from the top of the gnomon to the extrem- 
ity of the shadow, as hypothenuse. 

The subject next considered is that of the precession of the equinoxes. 

9. In an Age (yuga), the circle of the asterisms (bha) falls 
back eastward thirty score of revolutions. Of the result ob- 
tained after multiplying the sum of days {dyugana) by this num- 
ber, and dividing by the number of natural days in an Age, 

10. Take the part which determines the sine, multiply it by 
three, and divide by ten ; thus are found the degrees called those 
of the precession (ayana). From tbe longitude of a planet as 
corrected by these are to be calculated the declination, shadow, 
ascensional difference (caradala), etc. 
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11. The circle, as thus corrected, accords with its observed 
place at the solstice (ayana) and at either equinox ; it has moved 
eastward, when the longitude of the sun, as obtained by calcu- 
lation, is less than that derived from the shadow, 

12. By the number of degrees of the difference ; then, turning 
back, it has moved westward by the amount of difference, when 
the calculated longitude is greater 

Nothing could well be more awkward and confused than this mode of 
stating the important fact of the precession of the equinoxes, of de- 
scribing its method and rate, and of directing how its amount at any 
time is to be found. The theory which the passage, in its present form, 
is actually intended to put forth is as follows : the vernal equinox librates 
westward and eastward from the fixed point, near £ Piscium, assumed as 
the commencement of the sidereal sphere — the limits of the libratory 
movement being 27° in either direction from that point, and the time 
of a complete revolution of libration being the six-hundredth part of 
the period called the Great Age (see above, under i. 15-17), or 7200 
years ; so that the annual rate of motion of the equinox is 54". We 
will examine with some care the language in which this theory is con- 
veyed, as important results are believed to be deducible from it. 

The first half of verse 9 professes to teach the fundamental fact of the 
motion in precession. The words bhdndm cahram, which we have ren- 
dered " circle of the asterisms," i. e., the fixed zodiac, would admit of 
being translated " circle of the signs," i. e., the movable zodiac, as 
reckoned from the actual equinox, since bha is used in this treatise in 
either sense. But our interpretation is shown to be the correct one by 
the directions given in verses 11 and 12, which teach that when the sun's 
calculated longitude — which is his distance from the initial point of the 
fixed sphere — is less than that derived from the shadow by the process 
to be taught below (vv. 17-19) — which is his distance from the equinox 
— the circle has moved eastward, and the contrary : it is evident, then, 
that the initial point of the sphere is regarded as the movable point, 
and the equinox as the fixed one. Now this is no less strange than in- 
consistent with the usage of the rest of the treatise. Elsewhere £ Pis- 
cium is treated as the one established limit, from which all motion com- 
menced at the creation, and by reference to which all motion is reckoned, 
while here it is made secondary to a point of which the position among 
the stars is constantly shifting, and which hardly has higher value than 
a node, as which the Hindu astronomy in general treats it (see p. 230). 
The word used to express the motion (lambate) is the same with that 
employed in a former passage (i. 25) to describe the eastward motion of 
the planets, and derivatives of which (as lamba, lam.ba.na, etc.) are not 
infrequent in the astronomical language ; it means literally to " lag, hang 
back, fall behind :" here we have it farther combined with the prefix 
pari, " about, round about," which seems plainly to add the idea of a 
complete revolution in the retrograde direction indicated by it, and we 
have translated the line accordingly. This verse, then, contains no hint 
of a libratory movement, but rather the distinct statement of a contin- 
uous eastward revolution. It should be noticed farther, although the 
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circumstance is one of less significance, that the form in which the 
number of revolutions is stated, trinpatkrtyas, " thirty twenties," has no 
parallel in the usage of this Siddhanta elsewhere. 

We may also mention in this connection that Bhaskara, the great 
Hindu astronomer of the twelfth century, declares in his Siddhanta- 
Qiromani (Goladh., vi. 17) that the revolutions of the equinox are given 
by the Surya-Siddhanta as thirty in an Age (see Colebrooke, As. Kes., 
xii. 209, etc.; Essays, ii. 374, etc., for a full discussion of this passage 
and its bearings) ; thus not only ignoring the theory of libration, but 
giving a very different number of revolutions from that presented by our 
text. As regards this latter point, however, the change of a single letter 
in the modern reading (substituting trin$atkrtvas, "thirty times," for 
trinpatkrtyas, "thirty twenties") would make it accord with Bhaskara's 
statement. We shall return again to this subject. 

The number of revolutions, of whatever kind they may be, being 600 
in an Age, the position at any given time of the initial point of the 
sphere with reference to the equinox is found by a proportion, as follows : 
as the number of days in an Age is to the number of revolutions in the 
same period, so is the given "sum of days" (see above, under i. 48-51) 
to the revolutions and parts of a revolution accomplished down to the 
given time. Thus, let us find, in illustration of the process, the amount 
of precession on the first of January, 1860. Since the number of years 
elapsed before the beginning of the present Iron Age (kali yufla) is di- 
visible by 7200, it is unnecessary to make our calculation from the com- 
mencement of the present order of things : we may take the sum of 
days since the current Age began, which is (see above, under i. 53) 
1,811,945. Hence the proportion 

1,577,917,828^ : 6ootev :: 1,811,9451! : o«» j48° v 8".9 

gives us the portion accomplished of the current revolution. Of this 
we are now directed (v. 10) to take the part which determines the sine 
{dos, or bhvja — for the origin and meaning of the phrase, see above, 
under ii. 29, 30). This direction determines the character of the motion 
as libratory. For a motion of 91°, 92°, 93°, etc., gives, by it, a preces- 
sion of 89°, 88°, 87°, etc.; so that the movable point virtually returns 
upon its own track, and, after moving 180°, has reverted to its starting- 
place. So its farther motion, from 180° to 270°, gives a precession in- 
creasing from 0° to 90° in the opposite direction ; and this, again, is 
reduced to 0° by the motion from 270° to 360°. It is as if the second 
and third quadrants were folded over upon the first and fourth, so that 
the movable point can never, in any quadrant of its motion, be more 
than 90° distant from the fixed equinox. Thus, in the instance taken, 
the bhuja of 248° 2' 8".9 is its supplement, or 68° 2' 8".9 ; the first 
180° having only brought the movable point back to its original posi- 
tion, its present distance from that position is the excess over 180° 
of th6 arc obtained as the result of the first process. But this distance 
we are now farther directed to multiply by three and divide by ten : 
this is equivalent to reducing it to the measure of an arc of 27°, instead 
of 90°, as the quadrant of libration, since 3 : 10 : : 27 : 90. This being 
done, We find the actual distance of the initial point of the sphere from 
the equinox on the first of January, 1860, to be 20° 24' 38".67. 
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The question now arises, in which direction is the precession, thus 
ascertained, to be reckoned ? And here especially is brought to light 
the awkwardness and insufficiency, and even the inconsistency, of the 
process as taught in the text. Not only have we no rule given which 
furnishes us the direction, along with the amount, of the precessional 
movement, but it would even be a fair and strictly legitimate deduction 
from verse 9, that that movement is taking place at the present time in 
an opposite direction from the actual one. We have already remarked 
above that the last complete period of libratory revolution closed with 
the close of the last Brazen Age, and the process of calculation has 
shown that we are now in the third quarter of a new period, and in the 
third quadrant of the current revolution. Therefore, if the revolution 
is an eastward one, as taught in the text, only taking place upon a folded 
circle, so as to be made libratory, the present position of the movable 
point, £ Piscium, ought to be to the west of the equinox, instead of to 
the east, as it actually is. It was probably on account of this unfortu- 
nate flaw in the process, that no rule with regard to the direction was 
given, excepting the experimental one contained in verses 11 and 12, 
which, moreover, is not properly supplementary to the preceding rules, 
but rather an independent method of determining, from observation, both 
the direction and the amount of the precession. In verse 12, it may be 
remarked, in the word dvrtya, "turning back," is found the only distinct 
intimation to be discovered in the passage of the character of the motion 
as libratory. 

We have already above (under ii. 28) hinted our suspicions that the 
phenomenon of the precession was made no account of in the original 
composition of the Surya-Siddhanta, and that the notice taken of it by 
the treatise as it is at present is an afterthought : we will now proceed 
to expose the grounds of those suspicions. 

It is, in the first place, upon record (see Colebrooke, As. Res., xii. 215 ; 
Essays, ii. 380, etc.) that some of the earliest Hindu astronomers were 
ignorant of, or ignored, the periodical motion of the equinoxes ; Brahma- 
gupta himself is mentioned among those whose systems took no account 
of it ; it is, then, not at all impossible that the Surya-Siddhanta, if an 
ancient work, may originally have done the same. Among the positive 
evidences to that effect, we would first direct attention to the significant 
fact that, if the verses at the head of this note were expunged, there 
would not be found, in the whole body of the treatise besides, a single 
hint of the precession. Now it is not a little difficult to suppose that a 
phenomenon of so much consequence as this, and which enters as an 
element into so many astronomical processes, should, had it been borne 
distinctly in mind in the framing of the treatise, have been hidden away 
thus in a pair of verses, and unacknowledged elsewhere — no hint being 
given, in connection with any of the processes taught, as to whether 
the correction for precession is to be applied or not, and only the gen- 
eral directions contained in the latter half of verse 10, and ending with 
an " etc.," being even here presented. It has much more the aspect of 
an after-thought, a correction found necessary at a date subsequent to 
the original composition, and therefore inserted, with orders to " apply 
it wherever it is required." The place where the subject is introduced 
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looks the same way : as having to do with a revolution, as entering into 
the calculation of mean longitudes, it should have found a place where 
such matters are treated of, in the first chapter ; and even in the second 
chapter, in connection with the rule for finding the declination, it would 
have been better introduced than it is here. Again, in the twelfth 
chapter, where the orbits of the heavenly bodies are given, in terms 
dependent upon their times of revolution, such an orbit is assigned to 
the asterisms (v. 88) as implies a revolution once in sixty years : it is, 
indeed, very difficult to see what can have been intended by such a revo- 
lution as this; but if the doctrine respecting the revolution of the 
asterisms given in verse 9 of this chapter had been in the mind of the 
author of the twelfth chapter, he would hardly have added another and 
a conflicting statement respecting the same or a kindred phenomenon. 
It appears to us even to admit of question whether the adoption by the 
Hindus of the sidereal year as the unit of time does not imply a failure 
to recognize the fact that the equinox was variable. We should expect, 
at any rate, that if, at the outset, the ever-increasing discordance be- 
tween the solar and the sidereal year had been fully taken into account 
by them, they would have more thoroughly established and defined the 
relations of the two, and made the precession a more conspicuous feature 
of their general system than they appear to have done. In the con- 
struction of their cosmical periods they have reckoned by sidereal years 
only, at the same time assuming (as, for instance, above, i. 13, 14) that 
the sidereal year is composed of the two ayanas, "progresses" of the 
sun from solstice to solstice. The supposition of an after-correction 
likewise seems to furnish the most satisfactory explanation of the form 
given to the theory of the precession. The system having been first 
constructed on the assumption of the equality of the tropical and side- 
real years, when it began later to appear, too plainly to be disregarded, 
that the equinox had changed its place, the question was how to intro- 
duce the new element. Now to assign to the equinox a complete revo- 
lution would derange the whole system, acknowledging a different num- 
ber of solar from sidereal years in the chronological periods ; if, however, 
a libratory motion were assumed, the equilibrium would be maintained, 
since what the solar year lost in one part of the revolution of libration 
it would gain in another, and so the tropical and sidereal years would 
coincide, in number and in limits, in each great period. The circum- 
stance which determined the limit to be assigned to the libration we 
conceive to have been, as suggested by Bentley (Hind. Ast., p. 132), that 
the earliest recorded Hindu year had been made to begin when the sun 
entered the asterism Krttika, or was 26° 40' west of the point fixed 
upon as the commencement of the sidereal sphere for all time (see 
above, under i. 27), on which account it was desirable to make the arc 
of libration include the beginning 6i Krttika. 

Besides these considerations, drawn from the general history of the 
Hindu astronomy, and the position of the element 6f the precession in 
the system of the Surya-Siddhanta, we have still to urge the blind and 
incoherent, as well as unusual, form of statement of the phenomenon, 
as fully exposed above. There is nothing to compare with it in this 
respect in any other part of the treatise, and we are unwilling to believe 
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that in the original composition of the Siddhanta a clearer explanation, 
and one more consistent in its method and language with those of the 
treatise generally, would not have been found for the subject. We even 
discover evidences of more than one revision of the passage. The first 
half of verse 9 so distinctly teaches, if read independently of what follows 
it, a complete revolution of the equinoxes, that, especially when taken in 
connection with Bhaskara's statement, as cited above, it almost amounts 
to proof that the theory put forth in the Surya-Siddhanta was at one 
time that of a complete revolution. The same conclusion is not a little 
strengthened, farther, by the impossibility of deducing from verse 9, 
through the processes prescribed in the following verses, a true expres- 
sion for the direction of the movement at present : we can see no reason 
why, if the whole passage came from the same hand, at the same time, 
this difficulty should not have been avoided ; while it is readily explain- 
able upon the supposition that the libratory theory of verse 10 was 
added as an amendment to the theory of verse 9, while at the same 
time the language of the latter was left as nearly unaltered as possible. 

There seems, accordingly, sufficient ground for suspecting that in the 
Surya-Siddhanta, as originally constituted, no account was taken of the 
precession ; that its recognition is a later interpolation, and was made 
at first in the form of a theory of complete revolution, being afterward 
altered to its present shape. Whether the statement of Bhaskara truly 
represents the earlier theory, as displayed in the Surya-Siddhanta of his 
time, we must leave an undetermined question. The very slow rate 
assigned by it to the movement of the equinox — only 9" a year — throws 
a doubt upon the matter : but it must be borne in mind that, so far as 
we can see, the actual amount of the precession since about A. D. 570 
(see above, under i. 27) might by that first theory have been distributed 
over the whole duration of the present Age, since B. C. 3102. 

In his own astronomy, Bhaskara teaches the complete revolution 
of the equinoxes, giving the number of revolutions in an J!on (of 
4,320,000,000 years) as 199,669 ; this makes the time of a single revo- 
lution to .be 21,635.8073 years, and the yearly rate of precession 
59".9007. It is not to be supposed that he considered himself to have 
determined the rate with such exactness as would give precisely the odd 
number of 199,669 revolutions to the ^Eon ; the number doubtless 
stands in some relation which we do not at present comprehend to the 
other elements of his astronomical system. Bhaskara's own commenta- 
tors, however, reject his theory, and hold to that of a libration, which 
has been and is altogether the prevailing doctrine throughout India, and 
seems to have made its way thence into the Arabian, and even into the 
early European astronomy (see Colebrooke, as above). 

Bentley, it may be remarked here, altogether denies (Hind. Ast., p. 
130, etc.) that the libration of the equinoxes is taught in the Surya- 
Siddhanta, maintaining, with arrogant and unbecoming depreciation of 
those who venture to hold a different opinion, that its theory is that of 
a continuous revolution in an epicycle, of which the circumference is 
equal to 108° of the zodiac. In truth, however, Bentley's own theory 
derives no color of support from the text of the Siddhanta, and is besides 
in itself utterly untenable. It is not a little strange that he should not 
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have perceived that, if the precession were to be explained by a revolu- 
tion in an epicycle, its rate of increase would not be equable, but as the 
increment of the sine of the arc in the epicycle traversed \>y the mova- 
ble point, farther varied by the varying distance at which it would be 
seen from the centre in different parts of the revolution ; and also that, 
the dimensions of the epicycle being 108°, the amount of precession 
would never come to equal 27°, but would, when greatest, fall short of 
18°, being determined by the radius of the epicycle. Bentley's whole 
treatment of the passage shows a thorough misapprehension of its mean- 
ing and relations : he even commits the blunder of understanding the 
first half of verse 9 to refer to the motion of the equinox, instead of to 
that of the initial point of the sidereal sphere. 

Among the Greek astronomers, Hipparchus is regarded as the first 
who discovered the precession of the equinoxes; their rate of motion, 
however, seems not to have been confidently determined by him, 
although he pronounces it to be at any rate not less than 36" yearly. 
, For a thorough discussion of the subject of the precession in Greek 
astronomy see Delambre's History of Ancient Astronomy, ii. 247, etc. 
From the observations reported as the data whence Hipparchus made 
his discovery, Delambre deduces very nearly the true rate of the preces- 
sion. Ptolemy, however, was so unfortunate as to adopt for the true 
rate Hipparchus's minimum, of 36" a year : the subject is treated of by 
him in the seventh book of the Syntaxis. The actual motion of the 
equinox at the present time is 50".25 ; its rate is slowly on the increase, 
having been, at the epoch of the Greek astronomy, somewhat less than 
50". How the Hindus succeeded in arriving at a determination of it so 
much more accurate than was made by the great Greek astronomer, or 
whether it was anything more than a lucky hit on their part, we will 
not attempt here to discuss. 

The term by which the precession is designated in this passage is 
ayananga, " degrees of the ayana." The latter word is employed in 
different senses : by derivation, it means simply " going, progress," and 
it seems to have been first introduced into the astronomical language to 
designate the half-revolutions of the sun, from solstice to solstice ; these 
being called respectively (see xiv. 9) the uttar&yana and dakshinayana, 
"northern progress" and "southern progress." From this use the word 
was transferred to denote also the solstices themselves, as we have trans- 
lated it in the first half of verse 11. In the latter sense we conceive 
it to be employed in the compound ayananga; although why the name 
of the precession should be derived from the solstice we are unable 
clearly to see. The term Jcranlip&tagati, "movement of the node of 
declination," which is often met with in modern works on Hindu astron- 
omy, does not occur in the Siirya-Siddhanta. 

12. . . . In like manner, the equatorial shadow which is cast 
at mid-day at one's place of observation 

13. Upon the north and south line of the dial — that is the 
equinoctial shadow {vishuvatprabhd) of that place. . . . 

The equinoctial shadow has been already sufficiently explained, in 
connection with a preceding passage (above, v. 7). In this treatise it is 
vol. vi. 32 
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known only by names formed by combining one of the words for 
shadow (chdya, bh&, prabha), with vishuvat, "equinox" (see above, 
under v. 6). In modern Hindu astronomy it is also called akshabka, 
"shadow of latitude" — 5. e., which determines the latitude — and pala- 
bha, of which, as used in this sense, the meaning is obscure. 

13 Eadius, multiplied respectively by gnomon and shadow, 

and divided by the equinoctial hypothenuse, 

14. Gives the sines of co-latitude (lamba) and of latitude 
(aksha): the corresponding arcs are co-latitude and latitude, 
always south. . . . 

The proportions upon which these rules are founded are illustrated 
by the following figure (Fig. 11), in which, as in a previous figure (Fig. 
8, p. 232), Z S represents a quadrant of the meridian, Z being the zenith 
and S the south point, pi„ jj 

C being the centre, 
and EC the projec- 
tion of the plane of 
the equator. In order 
to illustrate the cor- 
responding relations 
of the dial, we have 
conceived the gno- 
mon, C 6, to be placed 
at the centre. Then, 
when the sun is on 
the meridian and in 
the equator, at E, the 
shadow cast, which is 
the equinoctial shad- 
ow, is b e, while C c is the corresponding hypothenuse. But, by simi- 
larity of triangles, 

Ce:6e::CE:BE 
and Ce:C6::CE:CB 

and as B E is the sine of E Z, which equals the latitude, and C B the 
sine of E S, its complement, the reduction of these proportions to the 
form of equations gives the rules of the text. 

14. . . . The mid-day shadow is the base (bhuja) ; if radius be 
multiplied by that, 

15. And the product divided by the corresponding hypothe- 
nuse, the result, converted to arc, is the sun's zenith-distance 
(nata), in minutes: this, when the base is south, is north, and 
when the base is north, is south. Of the sun's zenith-distance 
and his declination, in minutes, 

16. Take the sum, when their direction is different — the dif- 
ference, when it is the same; the result is the latitude, in 
minutes. Prom this find the sine of latitude; subtract its 
square from the square of radius, and the square-root of the re- 
mainder 
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17. Is the sine of co-latitude. . . . 

This passage applies to cases in which the sun is not upon the equator, 
but has a certain declination, of which the amount and direction are 
known. Then, from the shadow cast at noon, may be derived his zenith- 
distance when upon the meridian, and the latitude. Thus, supposing 
the sun, having north declination ED (Fig. 11), to be upon the meridian, 
at D : the shadow of the gnomon will be 6 d, and the proportion 

Crf :<*&:: CD :DB"" 
gives DB"", the sine of the sun's zenith-distance, ZD, which is found 
from it by the conversion of sine into arc by a rule previously given 
(ii. 33). Z D in this case being south, and E D being north, their sum, 
E Z, is the latitude : if, the declination being south, the sun were at D', 
the difference of ED' and ZD' would be EZ, the latitude. The figure 
does not give an illustration of north zenith-distance, being drawn for 
the latitude of Washington, where that is impossible. The latitude 
being thus ascertained, it is easy to find its sine and cosine : the only 
thing which deserves to be noted in the process is that, to find the co- 
sine from the sine, resort is had to the laborious method of squares, 
instead of taking from the table the sine of the complementary arc, or 
the kotijyA. 

The sun's distance from the zenith when he is upon the meridian is 
called nat&s, " deflected," an adjective belonging to the noun lipt&s, " min- 
utes," or bhdff&s, anp&s, " degrees." The same term is also employed, as 
will be seen farther on (vv. 34-36), to designate the hour-angle. For 
zenith-distance off the meridian another term is used (see below, v. 33). 

17. . . . The sine of latitude, multiplied by twelve, and divi- 
ded by the sine of co-latitude, gives the equinoctial shadow. . . . 

That is (Fig. 11), 

BC:BE::C5;J« 
the value of the gnomon in digits being substituted in the rule for the 
gnomon itself. 

17. . . . The difference of the latitude of the place of observa- 
tion and the sun's meridian zenith-distance in degrees (nata- 
bhdgds), if their direction be the same, or their sum, 

18. If their direction be different, is the sun's declination : if 
the sine of this latter be multiplied by radius and divided by the 
sine of greatest declination, the result, converted to arc, will be 
the sun's longitude, if he is in the quadrant commencing with 
Aries ; 

19. If in that commencing with Cancer, subtract from a half- 
circle ; if in that commencing with Libra, add a half-circle ; if in 
that commencing with Capricorn, subtract from a circle : the re- 
sult, in each case, is the true (sphuta) longitude of the sun at 
mid-day. 

20. To this if the equation of the apsis (mdnda phala) be 
repeatedly applied, with a contrary sign, the sun's mean longi- 
tude will be found. . . . 
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This passage teaches how, when the latitude of the observer is 
known, the sun's declination, and his true and mean longitudes, may be 
found by observing his zenith-distance at noon. The several parts of 
the process are all of them the converse of processes previously given, 
and require no explanation. To find the sun's declination from his 
meridian zenith-distance and the latitude (reckoned as south, by v. 14), 
the rule given above, in verses 15 and 16, is inverted ; the true longitude 
is found from the declination by the inversion of the method taught in 
ii. 28, account being taken of the quadrant in which the sun may be 
according to the principle of ii. 30 : and finally, the mean may be de- 
rived from the true longitude by a method of successive approximation, 
applying in reverse the equation of the centre, as calculated by ii. 39. 

It is hardly necessary to remark that this is a very rough process for 
ascertaining the sun's longitude, and could give, especially in the hands 
of Hindu observers, results only distantly approaching to accuracy. 

20. . . . The sum of the latitude of the place of observation 
and the sun's decimation, if their direction is the same, or, in the 
contrary case, their difference, 

21. Is the sun's meridian zenith-distance (natdngds) ; of that 
find the base-sine (bahujyd) and the perpendicular-sine (hotijyd). 
If, then, the base-sine and radius be multiplied respectively by 
the measure of the gnomon in digits, 

22. And divided by the perpendicular-sine, the results are the 
shadow and hypothenuse at mid-day. . . . 

The problem here is to determine the length of the shadow which 
will be cast at mid-day when the sun has a given declination, the latitude 
of the observer being also known. First, the sun's meridian zenith-dis- 
tance is found, by a process the converse of that taught in verses 15 and 
16 ; then, the corresponding sine and cosine having been calculated, a 
simple proportion gives the desired result. Thus, let us suppose the sun 
to be at D' (Fig. 11, p. 250) ; the sum of his south declination, ED', 
and the north latitude, E Z, gives the zenith-distance, Z D' : its sine 
(bhujajya) is D' B'", and its cosine [kotijyd) is C B'", Then 

CB"':B'»D'::Ci:W 
and CB"':CD'::C6:C<*' 

which proportions, reduced to equations, give the value of bd', the 
shadow, and C d', its hypothenuse. 

22. . . . The sine of declination, multiplied by the equinoctial 
hypothenuse, and divided by the gnomon-sine (cankujivd), 

23. Gives, when farther multiplied by the hypothenuse of any 
given shadow, and divided by radius (madhyakarna), the sun's 
measure of amplitude (arkdgrd) corresponding to that shadow. . . 

In this passage we are taught, the declination being known, how to 
find the measure of amplitude (ac/rd) of any given shadow, as prepara- 
tory to determining, by the next following rule, the base (bhuja) of the 
shadow, by calculation instead of measurement. The first step is to find 
the sine of the sun's amplitude : in order to this, we compare the trian- 
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gles ABC and CEH (Fig. 13, p. 254), which arc similar, since the 
angles ACB and CEH are each equal to the latitude of the observer. 
Hence EH:EC::BC:AC 

But the triangles CEH (Fig. 13) and Cbe (Fig. 11) are also similar; 
and * EH:EC::C6:Ce 

Hence, by equality of ratios, C b : C e : : B C : A C 
and A C, the sine of the sun's amplitude, equals B C — which is the sine 
of declination, being equal to DF — multiplied by Ce, the equinoctial 
hypothenuse, and divided by C b, the guomon. The remaining part of 
the process depends upon the principle which we have demonstrated 
above, under verse 1, that the measure of amplitude is to the hypothe- 
nuse of the shadow as the sine of amplitude to radius. 

Why the gnomon is in this passage called the " gnomon-sine," it is 
not easy to discover. Verse 23 presents also a name for radius, madhya- 
karna, " half-diameter," which is not found again ; nor is karna often 
employed in the sense of "diameter" in this treatise. 

23. . . . The sum of the equinoctial shadow and the sun's 
measure of amplitude (arkdgrd), when the sun is in the southern 
hemisphere, is the base, north ; 

24. When the sun is in the northern hemisphere, the base is 
found, if north, by subtracting the measure of amplitude from 
the equinoctial shadow ; if south, by a contrary process — accord- 
ing to the direction of the interval between the end of the 
shadow and the east and west axis. 

25. The mid-day base is invariably the midday shadow. . . . 

We have already had occasion to notice, in connection with the first 
verses of this chapter, that the base (bhuja) of the shadow is its projec- 
tion upon a north and south line, or the distance of its extremity from 
the east and west axis of the dial. It is that line which, as shown 
above (under v. 7), corresponds to and represents the perpendicular let 
fall from the sun upon the plane of the prime vertical. Thus, if (Fig. 
1 1, p. 250) K, L, TV, D be different positions of the sun — K and L 
being conceived to be upon the surface of the sphere — the perpendicu- 
lars KB', LB", D'B'", DB"" are represented upon the dial by kb, lb, 
d< b, d b, or, in Fig. 9 (p. 241), by kb 1 , lb", d< b, d b. Of these, the two 
latter coincide with their respective shadows, the shadow cast at noon 
being always itself upon a north and south line. The base of any 
shadow may be found by combining its measure of amplitude {agr&) 
with the equinoctial shadow. When the sun is in the southern hemis- 
phere, as at D' or K (Fig. 11), the measure of amplitude, ed' or ek, is to 
be added always to the equinoctial shadow, b e, in order to give the base, 
b d' or b k. If, on the contrary, the sun's declination be north, a differ- 
ent method of procedure will be necessary, according as he is north or 
south from the prime vertical. If he be south, as at D, the shadow, b d, 
will be thrown northward, and the base will be found by subtracting the 
measure of amplitude, d e, from the equinoctial shadow, be: if he be 
north, as at L, the extremity of the shadow, I, will be south from the 
east and west axis, and the base, b I, will be obtained by subtracting the 
equinoctial shadow, b e, from the measure of amplitude, I e. 
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25. . . . Multiply the sines of co-latitude and of latitude re- 
spectively by the equinoctial shadow and by twelve, 

26. And divide by the sine of declination ; the results are the 
hypothenuse when the sun is on the prime vertical (samaman- 
dala). When north declination is less than the latitude, then 
the mid-day hypothenuse (grava), 

27. Multiplied by the equinoctial shadow, and divided by the 
mid-day measure of amplitude (agrd), is the hypothenuse. . . . 

Here we have two separate and independent methods of finding the 
hypothemise of the east and west shadow cast by the sun at the moment 
when he is upon the prime vertical. In connection with the second of 
the two are stated the circumstances under which alone a transit of the 
sun across the prime vertical will take place : if his declination is south, 
or if, being north, it is greater than the latitude, his diurnal revolution 
will be wholly to the south, or wholly to the north, of that circle. 

The first method is illustrated by the following figures. Let V C" 
(Fig. 12) be an arc of the prime ver- Fi 12 

tical, V being the point at which the 
sun crosses it in his daily revolution ; 
and let C be the centre ; then V C 
is radius, and V C the sine of the 
sun's altitude ; and, C 6 being the 
gnomon, bv will be the shadow, and 
C' v its hypothenuse. But, by simi- 
larity of triangles, 

VC:VC'::C'J:C'» 

Again, in the other figure (Fig. 13) — of which the general relations 




are those of Fig. ts 
(p. 232)— AD being 
the projection of the 
circle of the sun's 
diurnal revolution, 
and the point at 
which it crosses the 
prime vertical being 
seen projected in V, 
VC is the sine of the 
sun's altitude at that 
point- But VCB 
and ECU are simi- 
lar triangles, the an- 
gles 15 V C and C E H 
being each equal to 
the latitude; hence 
VC:EC::BC:CH 
Now the first of 
these ratios is — since 
E C equals V C, both 
being radius— the 
same with the first 
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in the former proportion ; and therefore 

BC:CH::C'J:C'!> 
or sin decl. : sin lat. : : gnom. : hyp. pr. vert. shad, 

but sin lat. : cos. lat. : : eq. shad. : gnom. 

therefore, by combining terms, 

sin. decl. : cos. lat. : : eq. shad. : hyp. pr. vert. shad, 
and the reduction of the first and third of these proportions to the 
form of equations gives the rules of the text. 

The other method of finding the same quantity is an application of 
the principle demonstrated above, under verse 7, that, with a given dec- 
lination, the measure of amplitude of any shadow is to that of any other 
shadow as the hypothenuse of the former to that of the latter. Now 
when the sun is upon the prime vertical, the shadow falls directly 
eastward or directly westward, and hence its extremity lies in the east 
and west axis of the dial, and its measure of amplitude is equal to 
the equinoctial shadow. The noon measure of amplitude is, accord- 
ingly, to the hypothenuse of the noon shadow as the equinoctial shadow 
to the hypothenuse of the shadow cast when the sun is upon the prime 
vertical. 

27. ... If the sine of declination of a given time be multiplied 
by radius and divided by the sine of co-latitude, the result is the 
sine of amplitude (agramdurvikd). 

28. And this, being farther multiplied by the hypothenuse of 
a given shadow at that time, and divided by radius, gives the 
measure of amplitude (agrd), in digits (angula), etc. . . . 

The sine of the sun's amplitude is found — his declination and the 
latitude being known — by a comparison of the similar triangles ABC 
and C E H (Fig. 13), in which 

HE:EC::BC:CA 
or cos. lat. : R : : sin. decl. : sin. ampl. 

And the proportion upon which is founded the rule in verse 28 — name- 
ly, that radius is to the sine of amplitude as the hypothenuse of a given 
shadow to the corresponding measure of amplitude — has been demon- 
strated under verse 1, above. 

28. . . . If from half the square of radius the square of the 
sine of amplitude (agrajyd) be subtracted, and the remainder 
multiplied by twelve, 

29. And again multiplied by twelve, and then farther divided 
by the square of the equinoctial shadow increased by half the 
square of the gnomon — the result obtained by the wise 

30. Is called the "surd" (Jcarani): this let the wise man set 
down in two places. Then multiply the equinoctial shadow by 
twelve, and again by the sine of amplitude, 

31. And divide as before: the result is styled the "fruit" 
(phala). Add its square to the " surd," and take the square root 
of their sum ; this, diminished and increased by the " fruit," for 
the southern and northern hemispheres, 



256 E. Burgess, etc., [iii. 32- 

32. Is the sine of altitude (canlcu) of the southern intermediate 
directions {vidiq) ; and equally, whether the sun's revolution 
take place to the south or to the north of the gnomon (ganku) — 
only, in the latter case, the sine of altitude is that of the north- 
ern intermediate directions. 

33. The square root of the difference of the squares of that 
and of radius is styled the sine of zenith-distance (drg. ) If, then, 
the sine of zenith-distance and radius be multiplied respectively 
by twelve, and divided by the sine of altitude, 

34. The results are the shadow and hypothenuse at the angles 
(Jcona), under the given circumstances of time and place. . . . 

The method taught in this passage of finding, with a given declina- 
tion and latitude, the sine of the sun's altitude at the moment when he 
crosses the south-east and south-west vertical circles, or when the shadow 
of the gnomon is thrown toward the angles {kona) of the circumscribing 
square of the dial, is, when stated algebraically, as follows : 
(£R 2 - sin 1 ampl.) X gn. s _ 

Ign.s+eq.shT* ~ SW ' 

eg. sh. X gn. X si n ampl. _ . 
ign. 2 -(-eq. sh. 2 — rul • 
Vsurd + fruit 2 -f- fruit = sin alt., declination being north. 
\/surd -f- fruit 8 — fruit =sin alt., declination being south. 

It is at once apparent that a problem is here presented more compli- 
cated and difficult of solution than any with which we have heretofore 
had to do in the treatise. The commentary gives a demonstration of 
it, in which, for the first time, the notation and processes of the 
Hindu algebra are introduced, and with these we are not sufficiently 
familiar to be able to follow the course of the demonstration. The 
problem, however, admits of solution without the aid of mathematical 
knowledge of a higher character than has been displayed in the pro- 
cesses already explained ; by means, namely, of the consideration of 
right-angled triangles, situated in the same plane, and capable of being 
represented by a single figure. We give below such a solution, which, 
we are persuaded, agrees in all its Fic , 14 

main features with the process by 
which the formulas of the text were 
originally deduced. 

Let ZEK be the south-eastern 
circle of altitude, from the zenith, Z, 
to the horizon, K ; let E be its in- 
tersection with the equator, and D 
the position of the sun ; and let 
C b represent the gnomon. 

Since e is in the line of the equi- 
noctial shadow (see above, v. V), 
and since be makes an angle of 45° 
with either axis of the dial, we 
have be 2 =2 eq. sh. 2 , and Ce 2 = 
C b 2 +b e 2 = gn. 2 +2 cq. sh. 2 
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In like manner, d e 2 z= 2 meas. ampl. 2 But the similar triangles 
Cde and CDE' give Cd 2 : de 2 : : CD 2 : DE' 2 ; which, by halving 
the two consequents, and observing the constant relation of Cd to the 
measure of amplitude (see above, under v. 7), gives R 2 : sin ampl. 2 : : 
R 2 : |D E' 2 : whence £D E' 2 = sin ampl. 2 , or D E' 2 = 2 sin ampl. 2 

Now the required sine of altitude is D G, and D G=D H-(-H G= 

DH-fIJ. And, obviously, the triangles DHI, D IE', EFC, I JC, 

and C b e are all similar. Then, from DHI and C b e, we derive 

DE.:DI::be:Ce 

fromDIE'andC&e, DI: DE' : : C6 : Ge 

and, by combining terms, DH:DE'::6eXC6:Ce 2 

, ^^ ^/2. eq.sh.Xgn. X^/2. sin ampl. eq.sh.Xgn.X sin ampl. 

whence 1)11= „ , — =-r = j — ;-: r- — = inn*. 

gn.2 + 2 eq. sh.2 Jgn. 2 + eq. sh.2 

Again, from DHI and EFC, we derive 

IH 3 :DI 3 ::EF 3 :EC 3 
from I JC and EFC, IJ a : IC 3 : :EF 3 :EC 3 
whence, by adding the terms of the equal ratios, and observing that 
IH=+IJ 2 =JH 3 , and DI 3 +IC 3 = DC 3 =EC 3 , we have 

JH 3 :EC a ::EF 3 :EC 3 
or JH 3 =EF 3 . Hence IJ 3 =JH 3 -IH 3 =EF 3 -IH 2 =EF 3 -DI 3 +DH 3 
But from EFC and C 6 e are derived 

Ce 2 :C6 2 ::EC 2 :EF 2 

from DIE' and C be, Ce 2 : C6 2 : : DE' 2 :DI 2 

EC 3 C6 3 DE' 3 .C6 3 (EC^-DE^IC^ 

whence EF 3 = „ . , and 01'= . , , and EF»-DP= l "„ ' 

that is to say, 

V m-r, V- (R a -2si°ampl. 3 )Xgn.a _ (*R» -sin ampl. 3 ) Xgn.» _ 
gn. 3 +2eq.sh. 3 ~~ ign. 3 + eq. sh.* ~ 
But, as was shown above, I J 2 =E F 2 -D I 2 +D H 2 =surd+fruit 2 
and Vsurd+fruit 2 + fruit= I J+ D H=D G = sine of altitude. 

When declination is south, so that the sun crosses the circle of alti- 
tude at D', I H', the equivalent of D H, is to be subtracted from I J, to 
give D' G', the sine of altitude. 

The correctness of the Hindu formulas may likewise be briefly and 
succinctly demonstrated by means of our modern methods. Thus, let 
P Z S (Fig. 15) be a spherical triangle, Fig. xs. 

of which the three angular points are 
P, the pole, Z, the zenith, and S, the 
place of the sun when upon the south- 
east or the south-west vertical circles; 
PZ, then, is the co-latitude, ZS the 
zenith-distance, or co-altitude, and P S 
the co-declination ; and the angle PZS is 135° ; the problem is, to find 
the sine of the complement of Z S, or of the sun's altitude. By spheri- 
cal trigonometry, cos S P=cos Z S cos Z P+sin Z S sin Z P cos Z. Di- 
viding by sin ZP, and observing that cos S P-j-sin ZP=:sin decl.-4-cos 
lat.= sine of amplitude, we have sin ampl.= sin alt. tan lat.+cos alt. cos 
135°. If, now, we represent sin ampl. by a, tan lat. by b, cos 135° by 
vot„ vi. 33 
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—*/%, sin alt. by x, and cos alt by VI —x 2 , we have a 2 - 2a b x-\-b 2 x 2 =z 

i(l— x 2 ); and, by reduction, x 2 — x= — . Eepresenting, 

$-\-b* i+b 2 

again, , 2 by /, and ^ . , by *, and reducing, we have #=/+ 

V/2+s. But/ is evidently the same with the "fruit," since b, or tan 

«5 eq.sh.xgn.Xsin.ampl. 
lat, equals eq. sh.^gnom., and therefore —^ = ignom 2 +eq ^J- : 

and , is also the same with the "surd," for t^Ji*-™^)*^ 

•J-+6* •£gnom." i +eq. sh.-* 

If, the latitude being north, we consider the north direction as posi- 
tive, b will be positive. The value of/, given above, will then evidently 
be positive or negative as the sign of a is plus or minus. But a, the 
sine of amplitude, is positive when declination is north, and negative 
when declination is south. Hence / is to be added to or subtracted 
from the radical, according as the sun is north or south of the equator, 
as prescribed by the Hindu rule. A minus sign before the radical would 
correspond to a second passage of the sun across the south-east and 
north-west vertical circle ; which, except in a high latitude, would take 
place always below the horizon. 

The construction of the last part of verse 32 is by no means clear, yet 
we cannot question that the meaning intended to be conveyed by it is 
truly represented by our translation. When declination is greater than 
north latitude, the sun's revolution is made wholly to the north of the 
prime vertical, and the vertical circles which he crosses are the north- 
east and the north-west. The process prescribed in the text, however, 
gives the correct value for the sine of altitude in this case also. For, 
in the triangle SZP (Fig. 15), all the parts remain the same, excepting 
that the angle PZS becomes 45°, instead of 135° : but the cosine of 
the former is the same as that of the latter arc, with a difference only 
of sign, which disappears in the process, the cosine being squared. 

The sine of altitude being found, that of its complement, or of zenith- 
distance, is readily derived from it by the method of squares (as above, 
in vv. 16, 17). To ascertain, farther, the length of the corresponding 
shadow and of its hypothenuse, we make the proportions 

sin alt. : sin zen. dist. : : gnom. : shad. 
and sin alt. : R : : gnom. : hyp. shad. 

In this passage, as in those that follow, the sine of altitude is called 
by the same name, fanku, " staff," which is elsewhere given to the 
gnomon : the gnomon, in fact, representing in all cases, if the hypothe- 
nuse be made radius, the sine of the sun's altitude. The word is fre- 
quently used in this sense in the modern astronomical language : thus 
VC (Fig. 13, p. 254), the sine of the sun's altitude when upon the 
prime vertical, is called the samamandalafanku, " prime vertical staff," 
and B T, the sine of altitude when the sun crosses the unmandala, or 
east and west hour-circle, is styled the unmandalapanku : of the latter 
line, however, the Surya-Siddhanta makes no account. We are sur- 
prised, however, not to find a distinct name for the altitude, as for its 
complement, the zenith-distance : the sine of the latter might with very 
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nearly the same propriety be called the "shadow," as that of the former 
the "gnomon." The particular sine of altitude which is the result of 
the present process is commonly known as the konapanJeu, from the 
word kona, which, signifying originally " angle," is used, in connection 
with the dial, to indicate the angles of the circumscribing square (see 
Fig. 9, p. 241), and then the directions in which those angles lie from 
the gnomon. The word itself is doubtless borrowed from the Greek 
yawla, the form given to it being that in which it appears in the com- 
pounds rtfymvov (Sanskrit Irikona), etc. Lest it seem strange that the 
Hindus should have derived from abroad the name for so familiar and 
elementary a quantity as an angle, we would direct attention to the 
striking fact that in that stage of their mathematical science, at least, 
which is represented by the Surya-Siddhanta, they appear to have made 
no use whatever in their calculations of the angle : for, excepting in 
this passage (v. 34) and in the term for " square " employed in a pre- 
vious verse (v. 5) of this chapter, no word meaning "angle" is to be 
met with anywhere in the text of this treatise. The term dr$, used to 
signify "zenith-distance" — excepting when this is measured upon the. 
meridian ; see above, under vv. 14-16 — means literally " sight : in this 
sense, it occurs here for the first time : we have had it more than once 
above with the signification of " observed place," as distinguished from 
a position obtained by calculation. In verse 32, panku might be under- 
stood as used in the sense of "zenith," yet it has there, in truth, its own 
proper signification of " gnomon ;" the meaning being, that the sun, in 
the cases supposed, makes his revolution to the south or to the north of 
the gnomon itself, or in such a manner as to cast the shadow of the 
latter, at noon, northward or southward. One of the factors in the cal- 
culation is styled karani, "surd" (see Colebrooke's Hind. Alg., p. 145), 
rather, apparently, as being a quantity of which the root is not required to 
be taken, than one of which an integral root is always impossible ; or, it 
may be, as being the square of a line which is not, and cannot be, drawn. 
The term translated "fruit" (phala) is one of very frequent occurrence 
elsewhere, as denoting " quotient, result, corrective equation," etc. 

The form of statement and of injunction employed in verses 29 and 
30, in the phrases "the result obtained by the wise," and "let the wise 
man set down," etc., is so little in accordance with the style of our 
treatise elsewhere, while it is also frequent and familiar in other works 
of a kindred character, that it furnishes ground for suspicion that this 
passage, relating to the konapanku, is a later interpolation into the body 
of the text ; and the suspicion is strengthened by the fact that the pro- 
cess prescribed here is so much more complicated than those elsewhere 
presented in this chapter. 

34. ... If radius be increased by the sine of ascensional differ- 
ence (card) when declination is north, or diminished by the same, 
when declination is south, 

35. The result is the day-measure (antyd); this, diminished 
by the versed sine (utkramqjyd) of the hour-angle (nata), then 
multiplied by the day-radius and divided by ramus, is the " di- 
visor" (cheda) ; the latter, again, being multiplied by the sine of 
co-latitude (lamba), and divided 
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86. By radius, gives the sine of altitude (canku) : subtract its 
sine from that of radius, and the square root of the remainder is 
the sine of zenith-distance (drg) : the shadow and its hypothe- 
nuse are found as in the preceding process. 

The object of this process is, to find the sine of the sun's altitude at 
any given hour of the day, when his distance from the meridian, his 
declination, and the latitude, are known. The sun's angular distance 
from the meridian, or the hour-angle, is found, as explained by the com- 
mentary, by subtracting the time elapsed since sunrise, or which is to 
elapse before sunset, from the half day, as calculated by a rule previously 
given (ii. 61-63). From the declination and the latitude the sine of 
ascensional difference (carajya) is supposed to have been already derived, 
by the method taught in the same passage ; as also, from the declina- 
tion (by ii. 60), the radius of the diurnal circle. The successive steps 
of the process of calculation will be made clear by a reference to the 
annexed figure (Fig. 16), taken in connection with Fig. 13 (p. 254), with 
which it corresponds in dimensions and lettering. Let GG'C'E repre- 
sent a portion of the plane of the equator, C being its centre, and G E 
its intersection with the plane of the me- j,- 16 

ridian ; and let AA'B'D represent a cor- " 

responding portion of the plane of the 
diurnal circle, as seen projected upon the 
other, its centre and its line of intersection 
with the meridian coinciding with those 
of the latter. Let C G equal the sine of 
ascensional difference, and AB its corre- 
spondent in the lesser circle, or the earth- 
sine (kujyA or kshitijya ; see above, ii. 61). 
Now let 0' be the place of the sun at a 
given time; the angle O'CD, measured 
by the arc of the equator Q'E, is the 
hour-angle : from Q' draw Q' Q perpendic- 
ular to C E ; then Q' Q is the sine, and 
Q E is the versed sine, of Q' E. Add to 
radius, E C, the sine of ascensional difference, C G ; their sum, E G — 
which is the equivalent, in terms of a great circle, of D A, that part of 
the diameter of the circle of diurnal revolution which is above the 
horizon, and which consequently measures the length of the day — is 
the day-measure (anty&). From E G deduct E Q, the versed sine of the 
hour-angle ; the remainder, G Q, is the same quantity in terms of a great 
circle which A is in terms of the diurnal circle : hence the reduction 
of G Q to the dimensions of the lesser circle, by the proportion 

CE:BD::GQ:AO 
gives us the value of A O ; to this the text gives the technical name of 
"divisor" (cheda). But, by Fig. 13, 

CE:EH::AO:OR 
hence O R, which is the sine of the sun's altitude at the given time, 
equals A 0, the " divisor," multiplied by E H, the cosine of latitude, and 
divided by C E, or radius. 
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The processes for deriving from the sine of altitude that of zenith- 
distance, and from both the length of the corresponding shadow and its 
hypothenuse, are precisely the same as in the last problem. 

For the meaning of anty& — which, for lack of a better term, we have 
translated "day-measure" — see above, under verse 7. The word nata, 
by which the hour-angle is designated, is the same with that employed 
above with the signification of " meridian zenith-distance ;" see the note 
to verses 14-17. 

87. If radius be multiplied by a given shadow, and divided 
by the corresponding hypothenuse, the result is the sine of 
zenith-distance (drc) : the square root of the difference between 
the square of that and the square of radius 

38. Is the sine of altitude (ganku); which, multiplied by 
radius and divided by the sine of co-latitude (lamia), gives the 
"divisor" (cfieda) ; multiply the latter by radius, and divide by 
the radius of the diurnal circle, 

39. And the quotient is the sine of the sun's distance from the 
horizon (unnata) ; this, then, being subtracted from the day- 
measure (antyd), and the remainder turned into arc by means of 
the table of versed sines, the final result is the hour-angle (nata), 
in respirations (asu), edst or west. 

The process taughf in these verses is precisely the converse of the 
one described in the preceding passage. The only point which calls for 
farther remark in connection with it is, that the line G Q (Fig. 16) is in 
verse 39 called the " sine of the unnata." By this latter term is desig- 
nated the opposite of the hour-angle (nata) — that is to say, the sun's 
angular distance from the horizon upon his own circle, 0' A', reduced to 
time, or to the measure of a great circle. Thus, when the sun is at O', 
his hour-angle (nata), or the time till noon, is Q' E ; his distance from 
the horizon (unnata), or the time since sunrise, is Q' G'. But G Q is 
with no propriety styled the sine of G'Q'; it is not itself a sine at all, 
and the actual sine of the arc in question would have a very different 
value. 

40. Multiply the sine of co-latitude by any given measure of 
amplitude (agrd), and divide by the correspondinghypothenuse 
in digits ; the result is the sine of declination. This, again, is 
to be multiplied by radius, and divided by the sine of greatest 
declination ; 

41. The quotient, converted into arc, is, in signs, etc., the sun's 
place in the quadrant ; by means of the quadrants is then found 
the actual longitude of the sun at that point. . . . 

By the method taught in this passage, the sun's declination, and, 
through that, his true and mean longitude, may, the latitude of the ob- 
server being known, be found from a single observation upon the shadow 
at any hour in the day. The declination is obtained from the measure 
of amplitude and the hypothenuse of the shadow, in the following 
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manner : first, as was shown in connection with verse 7 of this chapter, 
hyp. shad. : meas. ampl. : : E C : C A (Fig. 13, p. 254) 
but EC:CA::EH:BC 

therefore hyp. shad. : meas. ampl. : : E H : B C 

B C, the sine of declination, being thus ascertained, the longitude is de- 
duced from it as in a previous process (see above, vv. 17-20). 

41. . . . Upon a given day, the distances of three bases, at 
noon, in the forenoon, and in the afternoon, being laid off, 

42. From the point of intersection of the lines drawn between 
them by means of two fish-figures, (matsya), and with a radius 
touching the three points, is described the path of the shadow. . . 

This method of drawing upon the face of the dial the path which 
will be described by the extremity of the shadow upon a given day pro- 
ceeds upon the assumption that that path will be an arc of a circle — an 
erroneous assumption, since, excepting within the polar circles, the path 
of the shadow is always a hyperbola, when the sun is not in the equator. 
In low latitudes, however, the difference between the arc of the hyper- 
bola, at any point not too far from the gnomon, and the arc of a circle, 
is so small, mat it is not very surprising that the Hindus should have 
overlooked it. The path being regarded as a true circle, of course it 
can be drawn if any three points in it can be found by calculation : and 
this is not difficult, since the rules above given furnish means of ascer- 
taining, if the sun's declination and the observer's latitude be known, 
the length of the shadow and the length of its base, or the distance of 
its extremity from the east and west axis of the dial, at different times 
during the day. One part of the process, however, has not been provi- 
ded for in the rules hitherto given. Thus (Fig. 9, p. 241), supposing 
d, m, and I to be three points in the same daily path of the shadow, we 
require, in order to lay down I and m, to know not only the bases I b", 
m S'", but also the distances b b", b b'". But these are readily found 
when the shadow and the base corresponding to each are known, or 
they may be calculated from the sines of the respective hour-angles. 

The three points being determined, the mode of describing a circle 
through them is virtually the same with that which we should employ : 
lines are drawn from the noon-point to each of the others, which are 
then, by fish-figures (see above, under vv. 1-5), bisected by other lines at 
right angles to them, and the intersection of the latter is the centre of 
the required circle. 

42. . . . Multiply by the day-radius of three signs, and divide 
by their own respective day-radii, 

43. In succession, the sines of one, of two, and of three signs; 
the quotients, converted into arc, being subtracted, each from the 
one following, give, beginning with Aries, the times of rising 
(uday&savas) at Lanka ; 

44. Namely sixteen hundred and seventy, seventeen hundred 
and ninety-five, and nineteen hundred and thirty-five respira- 
tions. And these, diminished each by its portion of ascensional 
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difference (carakhanda), as calculated for a given place, are the 
times of rising at that place. 

45. Invert them, and add their own portions of ascensional 
difference inverted, and the sums are the three signs beginning 
with Cancer : and these same sis, in inverse order, are the other 
six, commencing with Libra. 

The problem here is to determine the "times of rising" (uday&savas) 
of the different signs of the ecliptic — that is to say, the part of the 5400 
respirations (asavas) constituting a quarter of the sidereal day, which 
each of the three signs making up a quadrant of the ecliptic will occupy 
in rising (udaya) above the horizon. And in the first place, the times 
of rising at the equator, or in the right sphere — which are the equiva- 
lents of the signs in right ascension — are found as follows : 

Let ZN (Fig. 17) be a quadrant of the solstitial colure, AN the pro- 
jection upon its plane of the equinoctial colure, A Z of the equator, and 
A C of the ecliptic ; and let A, T, G, and 
C be the projections upon A C of the initial g ' *"' . 

points of the first four signs ; then A T is 
the sine of one sign, or of 30°, AG of two 
signs, or of 60°, and A C, which is radius, 
the sine of three signs, or of 90°. From 
T, G, and C, draw T t, Gg, Qc, perpendicu- 
lar to A N. Then A T t and A C c are simi- 
lar triangles, and, since A C equals radius, 
R:Cc::AT:T< 

But the arc of which T t is sine, is the 
same part of the circle of diurnal revolu- 
tion of which the radius is t V, as the re- 
quired ascensional equivalent of one sign is 
of the equator : hence the sine of the latter, which we may call x, is 
found by reducing T t to the measure of a great circle, which is done by 
the proportion 

ttf : R : : T t : sin x 
Combining this with the preceding proportion, we have, 
<<':Cc::AT:sina; 

Again, to find the ascensional equivalent of two signs, which we will 
call y, we have first, by comparison of the triangles AGj and A C c, 

R:Cc::AG:G<7 
and " gg' :R : : Gg : sin y 

therefore, as before, gg' : C c : : A G : sin y 

Hence, the sines of the ascensional equivalents of one and of two signs 
respectively are equal to the sines of one and of two signs, A T and 
A G, multiplied by the day-radius of three signs, G c, and divided each 
by its own day-radius, tV and gg'; and the conversion of the sines thus 
obtained into arc gives the ascensional equivalents themselves. The 
rule of the text includes also the equivalent of three signs, but this is so 
obviously equal to a quadrant that it is unnecessary to draw out the 
process, all the terms in the proportions disappearing except radius. 
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Upon working out tlie process, by means of the table of sines given 
in the second chapter (vv. 15-22), and assuming the inclination of the 
plane of the ecliptic to be 24° (ii. 28), we find, by the rule given above 
(ii. 60), that the day-radii of one, of two, and of three sines, or 1 1', g g\ 
Gc, are 3366', 3216', and 3140' respectively, and that the sines of a; and 
y are 1604' and 2907', to which the corresponding arcs are 27° 50' and 
57° 45', or 1670' and 3465'. The former is the ascensional equivalent 
of the first sign ; subtracting it from the latter gives that of the second 
sign, which is 1795', and subtracting 3465' from a quadrant, 5400', 
gives the equivalent of the third sign, which is 1935' — all as stated in 
the text. 

These, then, are the periods of sidereal time which the first three 
signs of the ecliptic will occupy in rising above the horizon at the equa- 
tor, or in passing the meridian of any latitude. It is obvious that the 
same quantities, in inverse order, will be the equivalents in right ascen- 
sion of the three following signs also, and that the series of six equiva- 
lents thus found will belong also to the six signs of the other half of the 
ecliptic. In order, now, to ascertain the equivalents of the signs in 
oblique ascension, or the periods of sidereal time which they will occupy 
in rising above the horizon of a given latitude, it is necessary first to 
calculate, for that latitude, the ascensional difference (card) of the three 
points T, G, and C (Fig. 17), which is done by the rule given in the last 
chapter (vv. 61, 62). We have calculated these quantities, in the Hindu 
method, for the latitude of Washington, 38° 54', and find the ascensional 
difference of T to be 578', that of G 1061', and that of C 1263'. The 
manner in which these are combined with the equivalents in right 
ascension to produce the equivalents in oblique ascension may bo ex- 
plained by the following figure (Fig. 18), which, although not a true 
projection, is sufficient for the purpose „. . „ 

of illustration. Let ACS be a semi- "' 

circle of the ecliptic, divided into its 
successive signs, and A S a semicircle 
of the equator, upon which AT', T' G', 
etc., are the equivalents of those signs 
in right ascension ; and let t, g, etc., be 
the points which rise simultaneously 
with T, G, etc. Then t T' and vY', the 
ascensional difference of T and V, are 
578', g& and IV are 1061', and cC 
is 1263'. Then A t, the equivalent in 
oblique ascension of AT, equals AT' - 
t T', or 1092'. To find, again, the value 
of t g, the second equivalent, the text 
directs to subtract from T' G' the differ- 
ence between tT' and gG', which is 
called the carakhanda, "portion of ascensional difference" — that is to 
say, the increment or decrement of ascensional difference at the point 
G as compared with T. Thus 

^ = T'G'-(^G'-<T') = T'G'+<T'-^G'=«G'-^G'=1312' 
and gc = Q'C'-(cC'-g(i') = G'C'+gG'-cO'=gC'-cG'=11SS' 




49.] 



S&rya-Siddhdnta. 



265 



Farther, to find the oblique equivalents in the second quadrant, we 
are directed to invert the right equivalents, and to add to each its own 
carakhanda, decrement of ascensional difference. Thus 
cl = C'L'+(cG'-ll,') = ch'-lL'=2131' 
2» = L'V'+(ZL'-«;V') = JV'-«V'=2278' 
and finally, »S = V'S + » V'=2248'. 

It is obvious without particular explanation that the arcs of oblique 
ascension thus found as the equivalents, in a given latitude, of the first 
six signs of the ecliptic, are likewise, in inverse order, the equivalents of 
the other six. We have, then, the following table of times of rising 
{udayasavas), for the equator and for the latitude of Washington, of all 
the divisions of the ecliptic : 

Equivalents in Right and Oblique Ascension of the Signs of the Ecliptic. 



Sign. 


Equivalent 


Lat. oi 


Washington. 


Sign. 




in 


Ascens, 


Equiv. in 




No. 


Name. 


Right Ascension. 


Diff. 


OM. Ascension. 


Name. 


Ho. 






' or p. 


' or p. 


' or p. 






I. 


Aries, mesha, 


1670 


5 7 8 


1092 


Pisces, rnina, 


12. 


2. 


Taurus, vrsfian, 


1795 


l3l2 


Aquarius, kumbha, 


II. 


i. 


Gemini, mithuna, 


1935 


1263 


I 7 33 


Capricornus, makara, 


10. 


4- 


Cancer, karkata, 


1935 




2i37 


Sagittarius, dhanus, 


9' 


b. 


Leo, sinha, 


1795 


578 


2278 


Scorpio, dli, 


8. 


6. 


Virgo, kanyd. 


1670 


2248 


Libra, tuld, 


7- 



For the expression " at Lanka," employed in verse 43 to designate 
the equator, see above, under i. 62. 

46. From the longitude of the sun at a given time are to be 
calculated the ascensional equivalents of the parts past and to 
come of the sign in which he is : they are equal to the number 
of degrees traversed and to be traversed, multiplied by the as- 
censional equivalent (udaydsavas) of the sign, and. divided by 
thirty ; 

47. Then, from the given time, reduced to respirations, sub- 
tract the equivalent, in respirations, of the part of the sign to 
come, and also the ascensional equivalents {hgndsavas) of the 
following signs, in succession — so likewise, subtract the equiva- 
lents of the part past, and of the signs past, in inverse order ; 

48. If there be a remainder, multiply it by thirty and divide 
by the equivalent of the unsubtracted sign ; add the quotient, in 
degrees, to the whole signs, or subtract it from them : the result 
is the point of the ecliptic (lagna) which is at that time upon the 
horizon (kshitija). 

49. So, from the east or west hour-angle (nata) of the sun, in 
nadis, having made a similar calculation, by means of the equiv- 
alents in right ascension {lankodaydsavas)^ apply the result as an 
additive or subtractive equation to the suns longitude: the re- 
sult is the point of the ecliptic then upon the meridian (madhya- 
lagna). 

vol. vi. 34 
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The word lagna means literally " attached to, connected with," and 
hence, " corresponding, equivalent to." It is, then, most properly, and 
likewise most usually, employed to designate the point or the arc of the 
equator which corresponds to a given point or arc of the ecliptic. In 
such a sense it occurs in this passage, in verse 47, where lagnasavas is 
precisely equivalent to udayasavas, explained in connection with the 
next preceding passage ; also below, in verse 50, and in several other 
places. In verses 48 and 49, however, it receives a different significa- 
tion, being taken to indicate the point of the ecliptic which, at a given 
time, is upon the meridian or at the horizon ; the former being called 
lagnam kshitije, "lagna at the horizon" — or, in one or two cases else- 
where, simply lagna — the other receiving the name of madhyalagna, 
" meridian-Zcwma." 

The rules by which, the sun's longitude and the hour of the day being 
known, the points of the ecliptic at the horizon and upon the meridian 
are found, are very elliptically and obscurely stated in the text; our 
translation itself has been necessarily made in part also a paraphrase and 
explication of them. Their farther illustration may be best effected by 
means of an example, with reference to the last figure (Fig. 18). 

At a given place of observation, as Washington, let the moment of 
local time — reckoned in the usual Hindu manner, from sunrise — be 18" 
12v 3p ; an( j i e t the longitude of the sun, as corrected by the precession, 
Ibe, by calculation, 42°, or I s 12° : it is required to know the longitude 
of the point of the ecliptic {lagna) then upon the eastern horizon. 

Let P (Fig. 18) be the place of the sun, and H h the line of the hori- 
zon, at the given time ; and let p be the point of the equator which rose 
with the sun ; then the arc p h is equivalent to the time since sunrise, 
18" 12 v 3P, or 6555P. The value of tg, the equivalent in oblique ascen- 
sion of the second sign T G, in which the sun is, is given in the table 
presented at the end of the note upon the preceding passage as 1312P. 
To find the value of the part of itpg we make the proportion 

TG:¥G::tg:pg 
or 30° : 18° : : 1312P : 787p 

From p h, or 6555P, we now subtract pg, 787p, and then, in succession, 
the ascensional equivalents of the following signs, GC and CL — that is, 
gc, or 1733P, and cl, or 2137p — until there is left a remainder, Ih, or 
1898P, which is less than the equivalent of the next sign. To this re- 
mainder of oblique ascension the corresponding arc of longitude is then 
found by a proportion the reverse of that formerly made, namely 

Iv.lh-.-.LV-.L'EL 
or 2278P : 1898P : : 30° : 25° 

The result thus obtained being added to AL, or 4 s , the sum, 4 s 25°, or 
145°, is the longitude of H. 

The arc pg is called in the text bhogy&savas, "the equivalent in respi- 
rations of the part of the sign to be traversed," while tp is styled bhuk- 
t&savas, "the respirations of the part traversed." 

If, on the other hand, it were desired to arrive at the same result by 
•reckoning in the opposite direction from the sun to the horizon, either 
on account of the greater proximity of the two in that direction, or for 
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any other reason, the manner of proceeding would be somewhat differ- 
ent. Thus, if AH (Fig. 18) were the sun's longitude, and^>P the line 
of the eastern horizon, we should first find kp, by subtracting the part 
of the day already elapsed from the calculated length of the day (this 
step is, in the text, omitted to be specified) ; from it we should then 
subtract the bhuktasavas, I A, and then the equivalents of the signs 
through which the sun has already passed, in inverse order, until there 
remained only the part of an equivalent, pg, which would be converted 
into the corresponding arc of longitude, PG, in the same manner as 
before : and the subtraction of P G from A G would give A P, the 
longitude of the point P. 

But again, if it be required to determine the point of the ecliptic 
which is at any given time upon the meridian, the general process is the 
same as already explained, excepting that for the time from sunrise is 
substituted the time until or since noon, and also for the equivalents in 
oblique ascension those in right ascension, or, in the language of the 
text, the "times of rising at Lanka" (lankod&yasavas) ; since the me- 
ridian, like the equatorial horizon, cuts the equator at right angles. 

It will be observed that all these calculations assume the increments 
longitude of to be proportional to those of ascension throughout each 
sign : in a process of greater pretensions to accuracy, this would lead to 
errors of some consequence. 

The use and value of the methods here taught, and of the quantities 
found as their results, will appear in the sequel (see ch. v. 1-9 ; vii. 7 ; 
ix. 5-11; x. 2). 

The term kshitija, by which the horizon is designated, may be under- 
stood, according to the meaning attributed to Jcshiti (see above, under 
ii. 61-63), either as the " circle of situation" — that is, the one which is 
dependent upon the situation of the observer, varying with every change 
of place on his part — or as the "earth-circle," the one produced by the 
intervention of the earth below the observer, or drawn by the earth 
upon the sky. Probably the latter is its true interpretation. 

50. Add together the ascensional equivalents, in respirations, 
of the part of the sign to be traversed by the point having less 
longitude, of the part traversed by that having greater longitude, 
and of the intervening signs — thus is made the ascertainment of 
time (Mlasddhana). 

51. When the longitude of the point of the ecliptic upon the 
horizon Qagna) is less than that of the sun, the time is in the 
latter part of the night; when greater, it is in the day-time; 
when greater than the longitude of the sun increased by half a 
revolution, it is after sunset. 

The process taught in these verses is, in a manner, the converse of 
that which is explained in the preceding passage, its object being to find 
the instant of local time when a given point of the ecliptic will be upon 
the horizon, the longitude of the sun being also known. Thus (Fig. 18), 
supposing the sun's longitude, A P, to be, at a given time, l 3 12° ; it is 
required to know at what time the point H, of which the longitude is 
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4 s 25°, will rise. The problem, is, virtually, to ascertain the arc of the 
equator intercepted between p, the point which rose with the sun, and 
h, which will rise with H, since that arc determines the time elapsed 
between sunrise and the rise of H, or the time in the day at which the 
latter will take place. In order to this, we ascertain, by a process simi- 
lar to that illustrated in connection with the last passage, the bhogya- 
savas, " ascensional equivalent of the part of the sign to be traversed," 
of the point having less longitude — or pg — and the bhukt&savas, "as- 
censional equivalent of the part traversed," belonging to H, the point 
having greater longitude — or I h — and add the sum of both to that of 
the ascensional equivalents of the intervening whole signs, g c and c I, 
which the text calls antaralagnasavas, " equivalent respirations of the 
interval ;" the total is, in respirations of time, corresponding to minutes 
of arc, the interval of time required : it will be found to be 6555?, or 
18" 12" 3P : and this, in the case assumed, is the time in the day at 
which the rise of H takes place : were H, on the other hand, the posi- 
tion of the sun, 18 n 12 v 3P would be the time before sunrise of the same 
event, and would require to be subtracted from the calculated length of 
the day to give the instant of local time. 

It is evident that the main use of this process must be to determine 
the hour at which a given planet, or a star of which the longitude is 
known, will pass the horizon, or at which its "day" (see above, ii. 59- 
63) will commence A like method — substituting only the equiva- 
lents in right for those in oblique ascension — might be employed in 
determining at what instant of local time the complete day, ahor&tra, 
of any of the heavenly bodies, reckoned from transit to transit across 
the lower meridian, would commence : and this is perhaps to be re- 
garded as included also in the terms of verse 50 ; even though the 
following verse plainly has reference to the time of rising, and the word 
lagna, as used in it, means only the point upon the horizon. 

The last verse we take to be simply an obvious and convenient rule 
for determining at a glance in which part of the civil day will take 
place the rising of any given point of the ecliptic, or of a planet occu- 
pying that point. If the longitude of a planet be less than that of the 
sun, while at the same time they are not more than three signs apart — 
this and the other corresponding restrictions in point of distance are 
plainly implied in the different specifications of the verse as compared 
with one another, and are accordingly explicitly stated by the commen- 
tator — the hour when that planet comes to assume the position called 
in the text lagna, or to pass the eastern horizon, will evidently be 
between midnight and sunrise, or in the after part (pesha, literally " re- 
mainder") of the night : if, again, it be more than three and less than 
six signs behind the sun, or, which is the same thing, more than six and 
less than nine signs in advance of him, its time of rising will be between 
sunset and midnight : if, once more, it be in advance of the sun by less 
than six signs, it will rise while the sun is above the horizon. 

The next three chapters treat of the eclipses of the sun and moon, the 
fourth being devoted to lunar eclipses, and the fifth to solar, and the 
sixth containing directions for projecting an eclipse. 
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CHAPTER IV. 

OF ECLIPSES, AND ESPECIALLY OF LUNAR ECLIPSES. 

Contents: — 1, dimensions of the sun and moon; 2-3, measurement of their apparent 
dimensions ; 4-5, measurement of the earth's shadow ; 6, conditions of the occur- 
rence of an eclipse; 7-8, ascertainment of longitude at the time of conjunction or 
of opposition; 9, causes of eclipses; 10-11, to determine whether there will be 
an eclipse, and the amount of obscuration; 12-15, to find half the time of dura- 
tion of the eclipse, and half that of total obscuration; 16-17, to ascertain the 
times of contact and of separation, and, in a total eclipse, of immersion and 
emergence; 18-21, to determine the amount of obscuration at a given time; 
22-23, to find the time corresponding to a given amount of obscuration ; 24-25, 
measurement of the deflection of the ecliptic, at the point occupied by the 
eclipsed body, from an east and west line ; 26, correction of the scale of projec- 
tion for difference of altitude. 

1. The diameter of the sun's disk is six thousand five hun- 
dred yojanas ; of the moon's, four hundred and eighty. 

We shall see, in connection with the next passage, that the diameters 
of the sun and moon, as thus stated, are subject to a curious modifica- 
tion, dependent upon and representing the greater or less distance of 
those bodies from the earth ; so that, in a certain sense, we have here 
only their mean diameters. These represent, however, in the Hindu 
theory — which affects to reject the supposition of other orbits than such 
as are circular, and described at equal distances about the earth — the 
true absolute dimensions of the sun and moon. 

Of the two, only that for the moon is obtained by a legitimate pro- 
cess, or presents any near approximation to the truth. The diameter of 
the earth being, as stated above (i. 59), 1600 yojanas, that of the moon, 
480 yojanas, is .3 of it : while the true value of the moon's diameter in 
terms of the earth's is .2716, or only about a tenth less. An estimate 
so nearly correct supposes, of course, an equally correct determination 
of the moon's horizontal parallax, distance from the earth, and mean 
apparent diameter. The Hindu valuation of the parallax may be de- 
duced from the value given just below (v. 3), of a minute on the moon's 
orbit, as 15 yojanas. Since the moon's horizontal parallax is equal to 
the angle subtended at her centre by the earth's radius, and since, at 
the moon's mean distance, 1' of arc equals 15 yojanas, and the earth's 
radius, 800 yojanas, would accordingly subtend an angle of 53' 20" — the 
latter angle, 53' 20", is, according to the system of the Surya-Siddhanta, 
the moon's parallax, when in the horizon and at her mean distance. 
This is considerably less than the actual value of the quantity, as deter- 
mined by modern science, namely 57" 1'; and it is practically, in the 
calculation of solar eclipses, still farther lessened by 3' 51", the excess 
of the value assigned to the sun's horizontal parallax, as we shall see 
farther on. Of the variation in the parallax, due to the varying distance 
of the moon, the Hindu system makes no account : the variation is actu- 
vol. vi. 35 
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ally nearly 8', being from 53' 48", at the apogee, to 61' 24", at the 
perigee. 

How the amount of the parallax was determined by the Hindus — if, 
indeed, they had the instruments and the skill in observation requisite 
for making themselves an independent determination of it — we are not 
informed. It is not to be supposed, however, that an actual estimate of 
the mean horizontal parallax as precisely 53' 20" lies at the foundation 
of the other elements which seem to rest upon it; for, in the making 
up of the artificial Hindu system, all these elements have been modified 
and adapted to one another in such a manner as to produce certain 
whole numbers as their results, and so to be of more convenient use. 

From this parallax the moon's distance may be deduced by the pro- 
portion 

sin 53' jo" : R : : earth's rad. : moon's dist. 
or 53'£:3438' : : 8ooy : 5i,57oy 

The radius of the moon's orbit, then, is 51,570 yojanas, or, in terms of 
the earth's radius, 64.47. The true value of the moon's mean distance 
is 59.96 radii of the earth. 
The farther proportion 

3438' : 54oo' : : 57,57oy : 8i,oooy 

would give, as the value of a quadrant of the moon's orbit, 81,000 yoja- 
nas, and, as the whole orbit, 324,000 yojanas. This is, in fact, the cir- 
cumference of the orbit assumed by the system, and stated in another 
place (xii. 85). Since, however, the moon's distance is nowhere assumed 
as an element in any of the processes of the system, and is even directed 
(xii. 84) to be found from the circumference of the orbit by the false 
ratio of 1 : v^lO, it is probable that it was also made no account of in 
constructing the system, and that the relations of the moon's parallax 
and orbit were fixed by some such proportion as 
53' so" : 36o° :: 8ooy : 324,oooy 

The moon's orbit being 324,000 yojanas, the assignment of 480 yoja- 
nas a3 her diameter implies a determination of her apparent diameter 
at her mean distance as 32' ; since 

36o° : 32' : : 324,oooy : 48oy 

The moon's mean apparent diameter is actually 31' 7". 

In order to understand, farther, how the dimensions of the sun's orbit 
and of the sun himself are determined by the Hindus, we have to notice 
that, the moon's orbit being 324,000 yojanas, and her time of sidereal 
revolution 27 d .32167416, the amount of her mean daily motion is 
11,8587.71 7. The Hindu system now assumes that this is the precise 
amount of the actual mean daily motion, in space, of all the planets, 
and ascertains the dimensions of their several orbits by multiplying it 
by the periodic time of revolution of each (see below, xii. 80-90). The 
length of the sidereal year being 365 d .25875648, the sun's orbit is, as 
stated elsewhere (xii. 86), 4,331,500 yojanas. From a quadrant of this, 
by the ratio 5400' : 3438', we derive the sun's distance from the earth, 
689,430 yojanas, or 861.8 radii of the earth. This is vastly less than 
his true distance, which is about 24,000 radii. His horizontal parallax 
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is, of course, proportionally over-estimated, being made to be nearly 4' 
(more exactly, 3' 59".4), instead of 8".6, its true value, an amount so 
small that it should properly have been neglected as inappreciable. 

It is an important property of the parallaxes of the sun and moon, 
resulting from the manner in which the relative distances of the latter 
from the earth are determined, that they are to one another as the mean 
daily motions of the planets respectively : that is to say, 
53' 20" : 3' 59" : : 790' 35" : 59' 8" 

Each is likewise very nearly one fifteenth of the whole mean daily 
motion, or equivalent to the amount of arc traversed by each planet in 
4nadis; the difference being, for the moon, about 38", for the sun, 
about 3". We shall see that, in the calculations of the next chapter, 
these differences are neglected, and the parallax taken as equal, in each 
case, to the mean motion during 4 nadis. 

The circumference of the sun's orbit being 4,331,500 yojanas, the 
assignment of 6500 yojanas as his diameter implies that his mean appar- 
ent diameter was considered to be 32' 24".8 ; for 

36o° : 3a' a4".8 : : 4,33i,5ooy : 65oo? 

The true value of the sun's apparent diameter at his mean distance is 
32' 3".6. 

The results arrived at by the Greek astronomers relative to the paral- 
lax, distance, and magnitude of the sun and moon are not greatly dis- 
cordant with those here presented. Hipparchus found the moon's hori- 
zontal parallax to be 57' : Aristarchus had previously, by observation 
upon the angular distance of the sun and moon when the latter is half- 
illuminated, made their relative distances to be as 19 to 1; this gave 
Hipparchus 3' as the sun's parallax. Ptolemy makes the mean dis- 
tances of the sun and moon from the earth equal to 1210 and 59 radii 
of the earth,.and their parallaxes 2' 51" and 58' 14" respectively: he 
also states the diameter of the moon, earth, and sun to be as l,3f, 18f, 
while the Hindus make them as 1,3£, and 13^£, and their true values, 
as determined by modern science, are as 1,3|, and 412£, nearly. 

2. These diameters, each multiplied by the true motion, and 
divided by the mean motion, of its own planet, give the cor- 
rected (sphuta) diameters. If that of the sun be multiplied by 
the number of the sun's revolutions in an Age, and divided by 
that of the moon's, 

3. Or if it be multiplied by the moon's orbit (Jcaksha), and 
divided by the sun's orbit, the result will be its diameter upon 
the moon's orbit: all these, divided by fifteen, give the measures 
of the diameters in minutes. 

The absolute values of the diameters of the sun and moon being 
stated in yojanas, it is required to find their apparent values, in minute* 
of arc. In order to this, they are projected upon the moon's orbit, or 
upon a circle described about the earth at the moon's mean distance, of 
■which circle— since 324,000 -j-21,600=15 — one minute is equivalent 
to fifteen yojanas. 



272 E. Burgess, etc., [iv. 3- 

The method of the process will be made dear by the annexed figure 
(Fig. 19). Let E be the earth's place, EM or Em the mean distance of 

Fig. 19. 




the moon, and E S the mean distance of the sun. Let T U equal the 
sun's diameter, 65007. But now let the sun be at the greater distance 
E S' : the part of his mean orbit which his disk will cover will no longer 
be TIT, but a less quantity, tu, and tu will be to TIT, or T'L T ', as ES 
to E S'. But the text is not willing to acknowledge here, any more 
than in the second chapter, an actual inequality in the distance of the 
sun from the earth at different times, even though that inequality be 
most unequivocally implied in the processes it prescribes : so, instead of 
calculating ES' as well as ES, which the method of epicycles affords 
full facilities for doing, it substitutes, for the ratio of E S to E S', the 
inverse ratio of the daily motion at the mean distance E S to that at the 
true distance E S'. The ratios, however, are not precisely equal. The 
arc am (Fig. 4, p. 211) of the eccentric circle is supposed to be trav- 
ersed by the sun or moon with a uniform velocity. If, then, the motion 
at any given point, as m, were perpendicular to E m, the apparent mo- 
tion would be inversely as the distance. But the motion at m is per- 
pendicular to em instead of Em. The resulting error, it is true, and 
especially in the case of the sun, is not very great. It may be added 
that the eccentric circle which best represents the apparent motions of 
the sun and moon in their elliptic orbits, gives much more imperfectly 
the distances and apparent diameters of those bodies. The value of t u, 
however, being thus at least approximately determined, /' u', the arc of 
the moon's mean orbit subtended by it, is then found by the proportion 
ES : E to (or EM) : : tu : i'u' — excepting that here, again, for the ratio 
of the distances, E S and E M, is substituted either that of the whole 
circumferences of which they are respectively the radii, or the inverse 
ratio of the number of revolutions in a given time of the two planets, 
which, as shown in the note to the preceding passage, is the same 
thing. Having thus ascertained the value of V u' in yojanas, division 
by 15 gives us the number of minutes in the arc V u', or in the angle 
V E u'. 

In like manner, if the moon be at less than her mean distance from 
the earth, as E M', she will subtend an arc of her mean orbit n o, greater 
than N 0, her true diameter ; the value of n o, in yojanas and in minutes, 
is found by a method precisely similar to that already described. 

There is hardly in the whole treatise a more curious instance than 
this of the mingling together of true theory and false assumption in the 
same process, and of the concealment of the real character of a process 
by substituting other and equivalent data for its true elements. 
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We meet for the first time, in this passage, the term employed in the 
treatise to designate a planetary orbit, namely kaksha, literally " border, 
girdle, periphery." The value finally obtained for the apparent diame- 
ter of the sun or moon, as later of the shadow, is styled its mdna, 
" measure." 

In order to furnish a practical illustration of the processes taught in 
this chapter, we have calculated in full, by the methods and elements of 
the Surya-Siddhanta, the lunar eclipse of Feb. 6th, 1860. Bather, how- 
ever, than present the calculation piecemeal, and with its different pro- 
cesses severed from their natural connection, and arranged under the 
passages to which they severally belong, we have preferred to give it 
entire in the Appendix, whither the reader is referred for it. 

4. Multiply the earth's diameter by the true daily motion of 
the moon, and divide by her mean motion : the result is the 
earth's corrected diameter (suci). The difference between the 
earth's diameter and the corrected diameter of the sun 

5. Is to be multiplied by the moon's mean diameter, and divi- 
ded by the sun's mean diameter : subtract the result from the 
earth's corrected diameter (suci), and the remainder is the diam- 
eter of the shadow; which is reduced to minutes as before. 

The method employed in this process for finding the diameter of the 
earth's shadow upon the moon's mean orbit may be explained by the 
aid of the following figure (Fig. 20). 

As in the last figure, let E represent the earth's place, S and M points 
in the mean orbits of the sun and moon, and M' the moon's actual 
place. Let t u be the sun's corrected diameter, or the part of his mean 
orbit which his disk at its actual distance covers, ascertained as directed 
in the preceding passage, and let F G be the earth's diameter. Through 

Fig. 20. 




F and G draw »F/and w Qg parallel to SM, and also tFh and uGk : 
then h k will be the diameter of the shadow where the moon actually 
enters it. The value of hk evidently equals fg (or F G) — (fh-\-g k) ; 
and the value of fh-j-g k may be found by the proportion 

Fv (or ES):tv-\-wu (or (m-FG) : : F/(or EM') :fh+gk 

But the Hindu system provides no method of measuring the angular 
value of quantities at the distance E M', nor does it ascertain the value 
of EM' itself: and as, in the last process, the diameter of the moon 
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was reduced, for measurement, to its value at the distance E M', so, to 
be made commensurate with it, all the data of this process must be 
similarly modified. That is to say, the proportion 

EM': EM ::/>:/<?' 
— substituting, as before, the ratio of the moon's mean to her true 
motion for that of EM' to EM — gives fi g', which the text calls the 
suet : the word means literally " needle, pyramid ; we do not see pre- 
cisely how it comes to be employed to designate the quantity fig 1 , and 
have translated it, for lack of a better term, and in analogy with the 
language of the text respecting the diameters of the sun and moon, 
" corrected diameter of the earth." It is also evident that 

E M' :fh+g k : : E M :/' h'+g' k' 

hence, substituting the latter of these ratios for the former in our first 
proportion, and inverting the middle terms, we have 

ES:EM::*m-FG:/A'+/£' 
Once more, now, we have a substitution of ratios, E S : E M being re- 
placed by the ratio of the sun's mean diameter to that of the moon. 
In this there is a slight inaccuracy. The substitution proceeds upon the 
assumption that the mean apparent values of the diameters of the sun 
and moon are precisely equal, in which case, of course, their absolute 
diameters would be as their distances ; but we have seen, in the note to 
the first verse of this chapter, that the moon's mean angular diameter is 
made a little less than the sun's, the former being 32', the latter 32' 24".8. 
The error is evidently neglected as being too small to impair sensibly the 
correctness of the result obtained : it is not easy to see, however, why we 
do not have the ratio of the mean distances represented here, as in verses 
2 and 3, by that of the orbits, or by that of the revolutions in an Age 
taken inversely. The substitution being made, we have the final propor- 
tion on which the rule in the text is based, viz., the sun's mean diameter 
is to the moon's mean diameter as the excess of the sun's corrected 
diameter over the actual diameter of the earth is to a quantity which, 
being subtracted from the sitct, or corrected diameter of the earth, leaves 
as a remainder the diameter of the shadow as projected upon the moon's 
mean orbit : it is expressed in yojanas, but is reduced to minutes, as 
before, by dividing by fifteen. The earth's penumbra is not taken into 
account in the Hindu process of calculation of an eclipse. 

The lines fg,f g', etc., are treated here as if they were straight lines, 
instead of arcs of the moon's orbit : but the inaccuracy never comes to 
be of any account practically, since the value of these lines always falls 
inside of the limits within which the Hindu methods of calculation 
recognize no difference between an arc and its sine. 

6. The earth's shadow is distant half the signs from the sun : 
when the longitude of the moon's node is the same with that of 
the shadow, or with that of the sun, or when it is a few degrees 
greater or less, there will be an eclipse. 

To the specifications of this verse we need to add, of course, " at the 
time of conjunction or of opposition." 
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It will be noticed that no attempt is made here to define the lunar 
mid solar ecliptic limits, or the distances from the moon's node within 
which eclipses are possible. Those limits are, for the moon, nearly 12° ; 
for the sun, more than 17°. 

The word used to designate "eclipse," grahana, means literally 
"seizure" : it, with other kindred terms, to be noticed later, exhibits the 
influence of the primitive theory of eclipses, as seizures of the heavenly 
bodies by the monster Rahn. In verses 17 and 19, below, instead of 
grahana we have graha, another derivative from the same root grah or 
grabh, " grasp, seize." Elsewhere graha never occurs except as signifying 
"planet," and it is the only word which the Surya-Siddhanta employs 
with that signification : as so used, it is an active instead of a passive 
derivative, meaning " seizer," and its application to the planets is due 
to the astrological conception of them, as powers which " lay hold upon" 
the fates of men with their supernatural influences. 

7. The longitudes of the sun and moon, at the moment of 
the end of the day of new moon (amdvdsyd), are equal, in signs, 
etc. ; at the end of the day of full moon (paurnamdsi) they are 
equal in degrees, etc., at a distance of half the signs. 

8. When diminished or increased by the proper equation of 
motion for the time, past or to come, of opposition or conjunc- 
tion, they are made to agree, to minutes : the place of the node 
at the same time is treated in the contrary manner. 

The very general directions and explanations contained in verses 6, 7, 
and 9 seem out of place here in the middle of the chapter, and would 
have more properly constituted its introduction. The process prescribed 
in verse 8, also, which has for its object the determination of the longi- 
tudes of the sun, moon, and moon's node, at the moment of opposition 
or conjunction, ought no less, it would appear, to precede the ascertain- 
ment of the true motions, and of the measures of the disks and shadow, 
already explained. Verse 8, indeed, by the lack of connection in which 
it stands, and by the obscurity of its language, furnishes a striking in- 
stance of the want of precision and intelligibility so often characteristic 
of the treatise. The subject of the verse, which requires to be supplied, 
is, "the longitudes of the sun and moon at the instant of midnight next 
preceding or following the given opposition or conjunction" ; that being 
the time for which the true longitudes and motions are first calculated, 
in order to test the question of the probability of an eclipse. If there 
appears to be such a probability, the next step is to ascertain the inter- 
val between midnight and the moment of opposition or conjunction, 
past or to come : this is done by the method taught in ii. 66, or by some 
other analogous process : the instant of the occurrence of opposition or 
conjunction, in local time, counted from sunrise of the place of observa- 
tion, must also be determined, by ascertaining the interval between mean 
and apparent midnight (ii. 46), the length of the complete day (ii. 59), 
and of its parts (ii. 60-63), etc. ; the whole process is sufficiently illus- 
trated by the two examples of the calculation of eclipses given in the 
Appendix. "When we have thus found the interval between midnight 
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and the moment of opposition or conjunction, verse 8 teaches lis how to 
ascertain the true longitudes for that moment : it is by calculating — in 
the manner taught in i. 67, but with the true daily motions — the 
amount of motion of the sun, moon, and node during the interval, and 
applying it as a corrective equation to the longitude of each at mid- 
night, subtracting in the case of the sun and moon, and adding in the 
case of the node, if the moment was then already past ; and the con- 
trary, if it was still to come. Then, if the process has been correctly 
performed, the longitudes of the sun and moon will be found to corres- 
pond, in the manner required by verse 1. 

For the days of new and full moon, and their appellations, see the 
note to ii. 66, above. The technical expression employed here, as in 
one or two other passages, to designate the " moment of opposition or 
conjunction " is parvanadyas, " nadis of the parvan," or " time of the 
parvan in nadis, etc. :" parvan means literally "knob, joint," and is fre- 
quently applied, as in this term, to denote a conjuncture, the moment 
that distinguishes and separates two intervals, and especially one that is 
of prominence and importance. 

9. The moon is the eclipser of the sun, coming to stand under- 
neath it, like a cloud : the moon, moving eastward, enters the 
earth's shadow, and the latter becomes its eclipser. 

The names given to the eclipsed and eclipsing bodies are either chadya 
and, as here, ch&daka, "the body to be obscured" and "the obscurer," 
or gr&hya and grdkaka, "the body to be seized" and "the seizer." 
The latter terms are akin with grahana and graha, spoken of above 
(note to v. 6), and represent the ancient theory of the phenomena, while 
the others are derived from their modern and scientific explanation, as 
given in this verse. 

10. Subtract the moon's latitude at the time of opposition or 
conjunction from half the sum of the measures of the eclipsed 
and eclipsing bodies : whatever the remainder is, that is said to 
be the amount obscured. 

11. When that remainder is greater than the eclipsed body, 
the eclipse is total ; when the contrary, it is partial ; when the 
latitude is greater than the half sum, there takes place no obscu- 
ration (grdsa). 

It is sufficiently evident that when, at the moment of opposition, the 
moon's latitude — which is the distance of her centre from the ecliptic, 
where is the centre of the shadow — is equal to the sum of the radii of 
her disk and of the shadow, the disk and the shadow will just touch one 
another ; and that, on the other hand, the moon will, at the moment of 
opposition, be so far immersed in the shadow as her latitude is less than 
the sum of the radii : and so in like manner for the sun, with due allow- 
ance for parallax. The Hindu mode of reckoning the amount eclipsed 
is not by digits, or twelfths of the diameter of the eclipsed body, which 
method we have inherited from the Greeks, but by minutes. 
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The word grasa, used in verse 1 1 for obscuration or eclipse, means 
literally " eating, devouring," and so speaks more distinctly than any 
other term we have had of the old theory of the physical cause of 
eclipses. 

12. Divide by two the sura and difference respectively of the 
eclipsed and eclipsing bodies : from the square of each of the 
resulting quantities subtract the square of the latitude, and take 
the square roots of the two remainders. 

13. These, multiplied by sixty and divided by the difference 
of the daily motions of the sun and moon, give, in nadis, etc., 
half the duration (sthiti) of the eclipse, and half the time of total 
obscuration. 

These rules for finding the intervals of time between the moment 
of opposition or conjunction in longitude, which is regarded as the 
middle of the eclipse, and the moments of first and last contact, and, in 
a total eclipse, of the beginning and end of total obscuration, may be 
illustrated by help of the annexed figure (Fig. 21). 

Let E C L represent the ecliptic, the point C being the centre of the 
shadow, and let C D be the moon's latitude at the moment of opposi- 
ng. 21. 




tion ; which, for the present, we will suppose to remain unchanged 
through the whole continuance of the eclipse. It is evident that the 
first contact of the moon with the shadow will take place when, in the 
triangle C A M, A C equals the moon's distance in longitude from the 
centre of the shadow, AM her latitude, and CM the sum of her radius 
and that of the shadow. In like manner, the moon will disappear en- 
tirely within the shadow when B C equals her distance in longitude from 
the centre of the shadow, B N her latitude, and C N the difference of 
the two radii. Upon subtracting, then, the square of A M or B N from 
those of CM and CN respectively, and taking the square roots of the 
remainders, we shall have the values of A C and B C in minutes. These 
may be reduced to time by the following proportion : as the excess at 
vol. vi. 36 
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the given time of the moon's true motion in a day over that of the sun 
is to a day, or sixty nadis, so are A C and B C, the amounts which the 
moon has to gain in longitude upon the sun between the moments of 
contact and immersion respectively and the moment of opposition, to 
the corresponding intervals of time. 

But tho process, as thus conducted, involves a serious error : the 
moon's latitude, instead of remaining constant during the eclipse, is con- 
stantly and sensibly changing. Thus, in the figure above, of which the 
conditions are those found by the Hindu processes for the eclipse of Feb. 
6th, 1860, the moon's path, instead of being upon the line HK, parallel 
to the ecliptic, is really upon Q R. The object of the process next 
taught is to get rid of this error. 

14. Multiply the daily motions by the half-duration, in nadis, 
and divide by sixty : the result, in minutes, subtract for the time 
of contact (pragraha), and add for that of separation (moksha), 
respectively ; 

15. By the latitudes thence derived, the half-duration, and 
likewise the half-time of total obscuration, are to be calculated 
anew, and the process repeated. In the case of the node, the 
proper correction, in minutes, etc., is to be applied in the con- 
trary manner. 

This method of eliminating the error involved in the supposition of 
a constant latitude, and of obtaining another and more accurate deter- 
mination of the intervals between the moment of opposition and those 
of first and last contact, and of immersion and emergence, is by a series 
of successive approximations. For instance : A C, as already determined, 
being assumed as the interval between opposition and first contact, a 
new calculation of the moon's longitude is made for the moment A, and, 
with this and the sum of the radii, a new value is found for AC. But 
now, as the position of A is changed, the former determination of its 
latitude is vitiated and must be made anew, and made to furnish anew 
a corrected value of A C ; and so on, until the position of A is fixed 
with the degree of accuracy required. The process must be conducted 
separately, of course, for each of the four quantities affected ; since, where 
latitude is increasing, as in the case illustrated, the true values of A C 
and B C will be greater than their mean values, while G C and F C, the 
true intervals in the after part of the eclipse, will be less than A C and 
B C : and the contrary when latitude is decreasing. 

"We have illustrated these processes by reference only to a lunar 
eclipse : their application to the conditions of a solar eclipse requires 
the introduction of another element, that of the parallax, and will be 
explained in the notes upon the next chapter. 

The first contact of the eclipsed and eclipsing bodies is styled in this 
passage pragraha, "seizing upon, laying hold of;" elsewhere it is also 
called grasa, " devouring," and spar fa, " touching :" the last contact, or 
separation, is named moksha, "release, letting go." The whole duration 
of the eclipse, from contact to separation, is the sthiti, " stay, continu- 
ance ; " total obscuration is vimarda, " crushing out, entire destruction." 



iv. 21.] S&rya-Siddh&nta. 279 

16. The middle of the eclipse is to be regarded as occurring 
at the true close of the lunar day : if from that time the time of 
half-duration be subtracted, the moment of contact (grdsa) is 
found ; if the same be added, the moment of separation. 

17. In like manner also, if from and to it there be subtracted 
and added, in the case of a total eclipse, the half-time of total 
obscuration, the results will be the moments called those of im- 
mersion and emergence. 

The instant of true opposition, or of apparent conjunction (see below, 
under ch. v. 9), in longitude, of the sun and moon, is to be taken as the 
middle of the eclipse, even though, owing to the motion of the moon in 
latitude, and also, in a solar eclipse, to parallax, that instant is not mid- 
way between those of contact and separation, or of immersion and 
emergence. To ascertain the moment of local time of each of these 
phases of the eclipse, we subtract and add, from and to the local time 
of opposition or conjunction, the true intervals found by the processes 
described in verses 12 to 15. 

The total disappearance of the eclipsed body within, or behind, the 
eclipsing body, is called nimilana, literally the " closure of the eyelids, 
as in winking:" its first commencement of reappearance is styled unmi- 
lana, " parting of the eyelids, peeping." We translate the terms by 
" immersion " and " emergence " respectively. 

18. If from half the duration of the eclipse any given interval 
be subtracted, and the remainder multiplied by the difference of 
the daily motions of the sun and moon, and divided by sixty, the 
result will be the-perpendicular (koti) in minutes. 

_ 19. In the case of an eclipse (graha) of the sun, the perpen- 
dicular in minutes is to be multiplied by the mean half-duration, 
and divided by the true (sphuta) half-duration, to give the true 
perpendicular in minutes. 

20. The latitude is the base (bhuja) : the square root of the 
sum of their squares is the hypothenuse (grava) : subtract this 
from half the sum of the measures, and the remainder is the 
amount of obscuration (grdsa) at the given time. 

21. If that time be after the middle of the eclipse, subtract 
the interval from the half-duration on the side of separation, and 
treat the remainder as before : the result is the amount remaining 
obscured on the side of separation. 

The object of the process taught in this passage is to determine the 
amount of obscuration of the eclipsed body at any given moment during 
the continuance of the eclipse. It, as well as that prescribed in the 
following passage, is a variation of that which forms the subject of verses 
12 and 13 above, being founded, like the latter, upon a consideration of 
the right-angled triangle formed by the line joining the centres of the 
eclipsed and eclipsing bodies as hypothenuse, the difference of their 
longitudes as perpendicular, and the moon's latitude as base. And 
whereas, in the former problem, we had the base and hypothenuse given 
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to find the perpendicular, here we have the base and perpendicular given 
to find the hypothenuse. The perpendicular is furnished us in time, 
and the rule supposes it to be stated in the form of the interval between 
the given moment and that of contact or of separation : a form to 
which, of course, it may readily be reduced from any other mode of 
statement. The interval of time is reduced to its equivalent as differ- 
ence of longitude by a proportion the reverse of that given in verse 13, 
by which difference of longitude was converted into time ; the moon's 
latitude is then calculated ; from the two the hypothenuse is deduced ; 
and the comparison of this with the sum of the radii gives the measure 
of the amount of obscuration. 

Verse 21 seems altogether superfluous : it merely states the method of 
proceeding in case the time given falls anywhere between the middle and 
the end of the eclipse, as if the specifications of the preceding verses ap- 
plied only to a time occurring before the middle : whereas they are gen- 
eral in their character, and include the former case no less than the latter. 

When the eclipse is one of the sun, allowance needs to be made for 
the variation of parallax during its continuance ; this is done by the 
process described in verse 19, of which the explanation will be given in 
the notes to the next chapter (vv. 14-1 1). 

In verse 20, for the first and only time, we have latitude called kshepa, 
instead of vikshepa, as elsewhere. In the same verse, the term employed 
for "hypothenuse" is prava, "hearing, organ of hearing;" this, as well 
as the kindred pravana, which is also once or twice employed, is a syno- 
nym of the ordinary term karna, which means literally " ear." It is 
difficult to see upon what conception their employment in this significa- 
tion is founded. 

22. From half the sum of the eclipsed and eclipsing bodies 
subtract any given amount of obscuration, in minutes : from the 
square of the remainder subtract the square of the latitude at 
the time, and take the square root of their difference. 

23. The result is the perpendicular {icoti) in minutes — which, 
in an eclipse of the sun, is to be multiplied by the true, and 
divided by the mean, half-duration — and this, converted into 
time by the same manner as when finding the duration of the 
eclipse, gives the time of the given amount of obscuration (grdsa). 

The conditions of this problem are precisely the same with those of 
the problem stated above, in verses 12-15, excepting that here, instead 
of requiring the instant of time when obscuration commences, or becomes 
total, we desire to know when it will be of a certain given amount. 
The solution must be, as before, by a succession of approximative steps, 
since, the time not being fixed, the corresponding latitude of the moon 
cannot be otherwise determined. 

24. Multiply the sine of the hour-angle (nata) by the sine of 
the latitude (alcsha), and divide by radius : the arc correspond- 
ing to the result is the degrees of deflection (valandncds), which 
are north and south in the eastern and western hemispheres 
(kapdla) respectively. 
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25. From the position of the eclipsed body increased by three 
signs calculate the degrees of declination : add them to the de- 
grees of deflection, if of like direction ; take their difference, if of 
different direction: the corresponding sine is the deflection (va- 
land) — in digits, when divided by seventy. 

This process requires to be performed only when it is desired to pro- 
ject an eclipse. In making a projection according to the Hindu method, 
as will be seen in connection with the sixth chapter, the eclipsed body 
is represented as fixed in the centre of the figure, with a north ami 
south line, and an east and west line, drawn through it. The absolute 
position of these lines upon the disk of the eclipsed body is, of course, 
all the time changing: but the change is, in the case of the sun, not 
observable, and in the case of the moon it is disregarded : the Surya- 
Siddhanta takes no notice of the figure visible in the moon's face as 
determining any fixed and natural directions upon her disk. It is de- 
sired to represent to the eye, by the figure drawn, where, with reference 
to the north, south, east, and west points of the moment, the contact, im- 
mersion, emergence, separation, or other phases of the eclipse, will take 
place. In order to this, it is necessary to know what is, at each given 
moment, the direction of the ecliptic, in which the motions of both 
eclipsed and eclipsing bodies are made. The east and west direction is 
represented by a small circle drawn through the eclipsed body, parallel 
to the prime vertical ; the north and south direction, by a great circle 
passing through the body and through the north and south points of 
the horizon : and the direction of the ecliptic is determined by ascer- 
certaining the angular -p- „„ 

amount of its deflection 
from the small east and 
west circle at the point 
occupied by the eclipsed 
body. Thus, in the an- 
nexed figure (Fig. 22), 
if M be the place of 
the eclipsed body upon 
the ecliptic, C L, and if 
E W be the small east 
and west circle drawn 
through M parallel with 
E' Z, the prime vertical, then the deflection will be the angle made at M 
by C M and E M, which is equal to P' M N, the angle made by perpen- 
diculars to the two circles drawn from their respective poles. In order 
to find the value of this angle, a double process is adopted : first, the 
angle made at M by the two small circles E M and D M, which is equiv- 
alent to P M N, is approximately determined : as this depends for its 
amount upon the observer's latitude, being nothing in a right sphere, it 
is called by the commentary aksha valana, " the deflection due to lati- 
tude :" the text calls it simply valana,nfds, " degrees of deflection," since 
it does not, like the net result of the whole operation, require to be ex- 
pressed in terms of its sine. Next, the angle made at M by the ecliptic, 
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Fig. 23. 



C L, and the circle of daily revolution, D R, which angle is equal to 
P M P', is also measured : this the commentary calls ayana valana, "the 
deflection due to the deviation of the ecliptic from the equator ;" the 
text has no special name for it. The sum of these two results, or their 
difference, as the case may be, is the valana, or the deflection of the 
ecliptic from the small east and west circle at M, or the angle P' M N. 

In explaining the method and value of these processes, we will com- 
mence with the second one, or with that by which PMP', the ayana 
valana, is found. In the following figure (Fig. 23), let Q be the 
equator, and ML the ecliptic, P and P' being their respective poles. 
Let M be the point at which the amount of deflection of M L from the 
circle of diurnal revolution, D R, is sought. Let M L equal a quadrant ; 
draw P' L, cutting the equator at Q ; 
as also P L, cutting it at B ; then draw 
PM and QM. Now P' ML is a tri- 
quadrantal triangle, and hence M Q is 
a quadrant ; and therefore Q is a pole 
of the circle P O M, and Q O is also a 
quadrant, and QMO is a right angle. 
But D R also makes right angles at M 
with P M ; hence Q M and D R are 
tangents to one another at M, and the 
spherical angle Q M L is equal to that 
which the ecliptic makes at M with the 
circle of declination, or to P M P' : and 
Q M L is measured by Q L. The rule 
given in the text produces a result which 
is a near approach to this, although not 
entirely accordant with it excepting at the solstice and equinox, the 
points where the deflection is greatest and where it is nothing. We 
are directed to reckon forward a quadrant from the position of the 
eclipsed body — that is, from M to L, in the figure — and then to calcu- 
late the declination at that point, which will be the amount of deflection. 
But the declination at L is B L, and since L B Q is a right-angled 
triangle, having a right angle at B, and since L Q and L B are always 
less than quadrants, L B must be less than L Q. The difference between 
them, however, can never be of more than trifling amount ; for, as the 
angle Q L B increases, Q L diminishes ; and the contrary. 

In order to show how the Hindus have arrived at a determination of 
this part of the deflection so nearly correct, and yet not quite correct, 
we will cite the commentator's explanation of the process. He says : 
"The 'east' (pr&ci) of the equator [i.e., apparently, the point of the 
equator eastward toward which the small circle must be considered as 
pointing at M] is a point 90° distant from that where a circle drawn 
from the pole (dhruva) through the planet cuts the equator :" that is to 
say, it is the point Q (Fig. 23), a quadrant from : " and the interval 
by which this is separated from the ' east' of the ecliptic at 90° from the 
planet, that is the ayana valana." This is entirely correct, and would 
give us Q L, the true measure of the deflection. But the commentator 
goes on farther to say that since this interval, when the planet is at the 
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solstice, is nothing, and when at the equinox is equal to the greatest 
declination, it is therefore always equal to the declination at a quadrant's 
distance from the planet. This is, as we have seen, a false conclusion, 
and leads to an erroneous result : whether they who made the rule were 
aware of this, but deemed the process a convenient one, and its result a 
sufficiently near approximation to the truth, we will not venture to say. 

The other part of the operation, to determine the amount of deflec- 
tion of the circle of declination from the east and west small circle, is 
considerably more difficult, and the Hindu process correspondingly 
defective. We will first present the explanation of it which the com- 
mentator gives. He states the problem thus : " by whatever interval 
the directions of the equator are deflected from directions correspond- 
ing to those of the prime vertical, northward or southward, that is the 
deflection due to latitude (aksha valana). Now then : if a movable 
circle be drawn through the pole of the prime vertical (sama) and the 
point occupied by the planet [i. e., the circle N M S, Fig. 22], then the 
interval of the ' easts,' at the distance of a quadrant upon each of the 
two circles, the equator and the prime vertical, from the points where 
they are respectively cut by that circle [i. e., from T and V] will be the 
deflection. . . . Now when the planet is at the horizon [as at D, referred 
to E'], then that interval is equal to the latitude [Z Q] ; when the planet 
is upon the meridian (yamyoitaravrtta, " south and north circle") [i. e., 
when it is at R, referred to Q and Z], there is no interval [as at E']. 
Hence, by the following proportion — with a sine of the hour-angle 
which is equal to radius the sine of deflection for latitude is equal to 
the sine of latitude ; then with any given sine of the hour-angle what 
is it? — a sine of latitude is found, of which the arc is the required de- 
flection for latitude." This is, in the Hindu form of statement, the 
proportion represented by the rule in verse 24, viz. R : sin lat. : : sin 
hour-angle : sin deflection. 

It seems to us very questionable, at least, whether the Hindus had 
any more rigorous demonstration than this of the process they adopted, 
or knew wherein lay the inaccuracies of the latter. These we will now 
proceed to point out. In the first place, instead of measuring the angle 
made at the point in question, M, by the two small circles, the east and 
west circle and that of daily revolution — which would be the angle 
P M N — they refer the body to the equator by a circle passing through 
the north and south points of the horizon, and measure the deflection 
of the equator from a small east and west circle at its intersection with 
that circle — which is the angle P T N. Or, if we suppose that, in the 
process formerly explained, no regard was had to the circle of daily 
revolution, D R, the intention being to measure the difference in direc- 
tion of the ecliptic at M and the equator at 0, then the two parts of 
the process are inconsistent in this, that the one takes as its equatorial 
point of measurement O, and the 6ther T, at which two points the 
direction of the equator is different. But neither is the value of P T N 
correctly found. For, in the spherical triangle P N T, to find the angle 
at T, we should make the proportion 

sin PT (or R) : sin PN : : sin PNT : sin PTN 
But, as the third term in this proportion, the Hindus introduce the sine 
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of the hour-angle, ZPM or MPS, although with a certain modifica- 
tion which the commentary prescribes, and which makes of it some- 
thing very near the angle T P N. The text says simply natajya, " the 
sine of the hour-angle" (for nata, see notes to iii. 34-36, and 14-16), 
but the commentary specifies that, to find the desired angle in degrees, 
we must multiply the hour-angle in time by 90, and divide by the half- 
day of the planet. This is equivalent to making a quadrant of that 
part of the circle of diurnal revolution which is between the horizon 
and the meridian, or to measuring distances upon D R as if they were 
proportional parts of E' Q. To make the Hindu process correct, the 
product of this modification should be the angle P N T, with which, 
however, it only coincides at the horizon, where both T P N and T N P 
become right-angles, and at the meridian, where both are reduced to 
nullity. The error is closely analogous to that involved in the former 
process, and is of slight account when latitude is small, as is also the 
error in substituting T for O or M when neither the latitude nor the 
declination is great. 

The direction of the ecliptic deflection (dyana valana) is the same, 
evidently, with that of the declination a quadrant eastward from the 
point in question ; thus, in the case illustrated by the figure, it -is south. 
The direction of the equatorial deflection (dksha valana) depends upon 
the position of the point considered with reference to the meridian, 
being — in northern latitudes, which alone the Hindu system contem- 
plates — north when that point is east of the meridian, and south when 
west of it, as specified in verse 24 : since, for instance, E' being the 
east point of the horizon, the equator at any point between E' and Q 
points, eastward, toward a point north of the prime vertical. In the 
case for which the figure is drawn, then, the difference of the two would 
be the finally resulting deflection. Since, in making the projection of 
the eclipse, it is laid off as a straight line (see the illustration given in 
connection with chapter vi), it must be reduced to its value as a sine ; 
and moreover, since it is laid down in a circle of which the radius is 
49 digits (see below, vi. 2), or in which one digit equals 70' — for 
3438'-^-49 = 70', nearly — that sine is reduced to its value in digits by 
dividing it by 70. 

The general subject of this passage, the determination of directions 
during an eclipse, for the purpose of establishing the positions, upon the 
disk of the eclipsed body, of the points of contact, immersion, emerg- 
ence, and separation, also engaged the attention of the Greeks ; Ptolemy 
devotes to it the eleventh and twelfth chapters of the sixth book of his 
Syntaxis : his representation of directions, however, and consequently 
his method of calculation also, are different from those here exposed. 

26. To the altitude in time (unnata) add a day and a half, and 
divide by a half-day ; by the quotient divide the latitudes and 
the disks ; the results are the measures of those quantities in 
digits {angula). 

By this process due account is taken, in the projection of an eclipse, 
of the apparent increase in magnitude of the heavenly bodies when 
near the horizon. The theory lying at the foundation of the rule is this : 
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that three minutes of arc at the horizon, and four at the zenith, arc 
equal to a digit, the difference between the two, or the excess above 
three minutes of the equivalent of a digit at the zenith, being one 
minute. To ascertain, then, what will be, at any given altitude, the 
excess above three minutes of the equivalent of a digit, we ought prop- 
erly, according to the commentary, to make the proportion 
R : 1 ' : : sin altitude : corresp. excess 

Since, however, it would be a long and tedious process to find the alti- 
tude and its sine, another and approximative proportion is substituted 
for this "by the blessed Sun," as the commentary phrases it, "through 
compassion for mankind, and out of regard to the very slight difference 
between the two." It is assumed that the scale of four minutes to the 
digit will be always the true one at the noon of the planet in question, 
or whenever it crosses the meridian, although not at the zenith ; and so 
likewise, that the relation of the altitude to 90° may be measured by 
that of the time since rising or until setting {unnala — see above, iii. 
37-39) to a half-day. Hence the proportion becomes 

half-day : 1 ' : : altitude in time : corresp. excess 
and the excess of the digital equivalent above 3' equals ' — . 

Adding, now, the three minutes, and bringing them into the fractional 

expression, we have 

...... . , . . ,. alt. in time + 3 half days 

equiv. of digit in minutes at given time = , - ' , i- 

* half day 

The title of the fourth chapter is eandragrahanMhik&ra, " chapter of 
lnnar eclipses," as that of the fifth is »iiryayrahind.dhik&ra, " chapter of 
solar eclipses." In truth, however, the processes and explanations of 
this chapter apply not less to solar than to lunar eclipses, while the next 
treats only of parallax, as entering into the calculation of a solar eclipse. 
We have taken the liberty, therefore, of modifying accordingly the 
headings which we have prefixed to the chapters. 



CHAPTER V. 

OF PABALLAX IN A SOLAR ECLIPSE. 

Contexts : — 1 , tvhen there is no parallax in longitude, or no parallax in latitude ; 
2, causes of parallax; 3, to find the orient-sine; 4-5, the meridian-sine ; 5-7, and 
the sines of ecliptic zenith-distance and altitude ; 7-8, to find the amount, in time, 
of the parallax in longitude ; 9, its application in determining the moment of 
apparent conjunction; 10-11, to find the amount, in arc, of the parallax in lati- 
tude ; 12-13, its application in calculating an eclipse; 14-17, application of the 
parallax in longitude in determining the moments of contact, of separation, etc. 

1. When the sun's place is coincident with the meridian 
ecliptic-point (madhyalagna), there takes place no parallax in 
vol. vi. 37 
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longitude (harija) : farther, when terrestrial latitude (alcsha) and 
north declination of the meridian ecliptic-point (rnadhyabha) are 
the same, there takes place no parallax in latitude (avanati). 

The latter of these specifications is entirely accurate : when the north 
declination of that point of the ecliptic which is at the moment upon 
the meridian (madhyalagna ; see iii. 49) is equal to the observer's lati- 
tude — regarded by the Hindus as always north — the ecliptic itself 
passes through the zenith, and becomes a vertical circle ; of course, then, 
the effect of parallax would be only to depress the body in that circle, 
not to throw it out of it. The other is less exact : when the sun is 
upon the meridian, there is, indeed, no parallax in right ascension, but 
there is parallax in longitude, unless the ecliptic is also bisected by the 
meridian. Here, as below, in verses 8 and 9, the text commits the 
inaccuracy of substituting the meridian ecliptic-point (L in Fig. 26) for 
the. central or highest point of the ecliptic (B in the same figure). The 
latter point, although we are taught below (vv. 5-7) to calculate the sine 
and cosine of its zenith-distance, is not once distinctly mentioned iii the 
text ; the commentary calls it tribhonalagna, " the orient ecliptic-point 
(lagna — see above, iii. 46-48 : it is the point C in Fig. 26) less three 
signs." Tiie commentary points out this inaccuracy on the part of the text. 
In order to illustrate the Hindu method of looking at the subject of 
parallax, we make the following citation from the general exposition of 
it given by the commentator under this verse : "At the end of the day 
of new moon (am&v&sya) the sun and moon have the same longitude ; 
if, now, the moon has no latitude, then a line drawn from the earth's 

centre [C in the accompanying 
,g ' ' figure] to the sun's place [S] just 

touches the moon [M] : hence, 
at the centre, the moon becomes 
an eclipsing, and the sun an 
eclipsed, body. Since, however, 
men are not at the earth's centre, 
(garbha, " womb ") but upon the 
earth's surface (prshtha, " back"), 
a line drawn from the earth's 
surface [B] up to the sun does 
not just touch the moon ; but it 
cuts the moon's sphere above the 
point occupied by the moon [at 
to], and when the moon arrives 
at this point, then is she at the 
earth's surface the eclipser of 
the sun. But when the sun is at 
the zenith (khamadhya, "mid- 
heaven"), then the lines drawn up to the sun from the earth's centre 
and surface, being one and the same, touch the moon, arid so the moon 
becomes an eclipsing body at the end of the day of new moon. Hence, 
too, the interval [M m] of the lines from the earth's centre and surface 
is the parallax (lambana)? 
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It is evident from this explication how far the Hindu view of parallax 
is coincident with our own. The principle is the same, hut its applica- 
tion is somewhat different. Instead of taking the parallax absolute!} 7 , 
determining that for the sun, which is B S C, and that for the moon, 
which is B M C, the Hindus look at the subject practically, as it must be 
taken account of in the calculation of an eclipse, and calculate only the 
difference of the two parallaxes, which is m B M, or, what is virtually 
;he same thing, MC»«. The Surya-Siddhanta, however, as we shall see 
iereafter more plainly, takes no account of any case in which the line 
S would not pass through M, that is to say, the moon's latitude is 
neglected, and her parallax calculated as if she were in the ecliptic. 

We cite farther from the commentary, in illustration of the resolution 
of the parallax into parallax in longitude and parallax in latitude. 

"Now by how many degrees, measured on the moon's sphere {gola), 
the line drawn from the earth's surface up to the sun cuts the moon's 
vertical circle (drgvrtta) above the point occupied by the moon — this is, 
when the vertical circle and the ecliptic coincide, the moon's parallax in 
longitude (larnband). But when the ecliptic deviates from a vertical 
circle, then, to the point where the line from the earth's surface cuts the 
moon's sphere on the moon's vertical circle above the moon [i. e., to m, 
Fi „ 25 Fig. 25], draw through the pole 

of the ecliptic (kadamba) a cir- 
cle [P'mn'j north and south to 
the ecliptic on the moon's sphere 
[M n'] : and then the east and 
west interval [M»'] on the eclip- 
tic between the point occupied 
by the moon [M] and the point 
where the circle as drawn cuts 
the ecliptic on the moon's sphere 
[w'J is the moon's true (sphuta) 
parallax in longitude, in minutes, and is the perpendicular (koti). And 
since the moon moves along with the ecliptic, the north and south inter- 
val, upon the circle we have drawn, between the ecliptic and the vertical 
circle [m n 1 ] is, in minutes, the parallax in latitude (nati) ; which is the 
base (bhuja). The interval, in minutes, on the vertical circle [ZA], 
betweeu the lines from the earth's centre and surface \m M], is the ver- 
tical parallax (drglambana), and the hypothenuse." 

The conception here presented, it will be noticed, is that the moon's 
path, or, the "ecliptic on the moon's sphere," is depressed away from 
C L, which might be called the " ecliptic on the sun's sphere," to an 
amount measured as latitude by m n 1 , and as longitude by n' M. To 
our apprehension, m n M, rather than m n' M, would be the triangle of 
resolution : the two are virtually equal. 

The commentary then goes on farther to explain that when the ver- 
tical circle and the secondary to the ecliptic coincide, the parallax in 
longitude disappears, the whole vertical parallax becoming parallax in 
latitude : and again, when the vertical circle and the ecliptic coincide, 
the parallax in latitude disappears, the whole vertical parallax becoming 
parallax in longitude. 
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The term uniformly employed by the commentary, and more usually 
by the text, to express parallax in longitude, namely lambana, is from 
the same root which we have already more than once had occasion to 
notice (see above, under i. 25, 60), and means literally " hanging down- 
ward." In this verse, as once or twice later (vv. 14, 16), the text uses 
harija, which the commentary explains as equivalent to kshitija, " pro- 
duced by the earth :" this does not seem very plausible, but we have 
nothing better to suggest. For parallax in latitude the text presents 
only the term avanati, "bending downward, depression:" the commen- 
tary always substitutes for it nati, which has nearly the same sense, and 
is the customary modern term. 

2. How parallax in latitude arises by reason of the difference 
of place (dtga) and time (Mia), and also parallax in longitude 
{lambana) from direction (dig) eastward or the contrary — that is 
now to be explained. 

This distribution of the three elements of direction, place, and time, 
as causes respectively of parallax in longitude and in latitude, is some- 
what arbitrary. The verse is to be taken, however, rather as a general 
introduction to the subject of the chapter, than as a systematic state- 
ment of the causes of parallax. 

3. Calculate, by the equivalents in oblique ascension (udayd- 
savas) of the observer's place, the orient ecliptic-point (lagna) for 
the moment of conjunction (parvavinddyas) : multiply the sine 
of its longitude by the sine of greatest declination, and divide 
by the sine of co-latitude (Jamba) : the result is the quantity 
known as the orient-sine (udaya). 

The object of this first step in the rather tedious operation of calcu- 
lating the parallax is to find for a given moment — here the moment of 
true conjunction — the sine of amplitude of that point of the ecliptic 
which is then upon the eastern horizon. In the first place the longitude 
of that point (lagna) is determined, by the data and methods taught 
above, in iii. 46-48, and which are sufficiently explained in the note to 
that passage : then its sine of amplitude is found, by a process which is 
a combination of that for finding the declination from the longitude, 
and that for finding the amplitude from the declination. Thus, by ii. 28, 

R : sin gr. decl. : : sin long. : sin decl. 
and, by iii. 22-23, 

sin co-lat. : R : : sin decl. : sin ampl. 
Hence, by combining terms, we have 

sin co-lat. : sin gr. decl. : : sin long. : sin ampl. 

This sine of amplitude receives the technical name of udaya, or 
udaynjya : the literal meaning of udaya is simply " risirg." 

4. Then, by means of the equivalents in right ascension 
(lankodaydsavas), find the ecliptic point (lagna) called that of the 
meridian (madhya) : of the declination of that point and the lati- 
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tude of the observer take the sum, when their direction is the 
same ; otherwise, take their difference. 

5. The result is the meridian zenith-distance, in degrees (natdn- 
5&) : its sine is denominated the meridian-sine (madhyajyd). . . . 

The accompanying figure (Fig. 26) will assist the comprehension of 
this and the following processes. Let N E S W be a horizontal plane, 

N S the projection upon it of 
the meridian, and E W that 
of the prime vertical, Z being 
the zenith. Let C L T be the 
ecliptic. Then C is the orient 
ecliptic-point (lagna), and C 
D the sine of its amplitude 
{udayajya), found by the last 
process. The meridian ecliptic 
point (madhyalagna) is L : it 
is ascertained by the method 
prescribed in iii. 49, above. 
Its distance from the zenith 
is found from its declination 
and the latitude of the place 
of observation, as taught in 
iii. 20-22 ; and the sine of 
that distance, by which, in 
the figure, it is seen projected, 
is Z L : it is called by the technical name madhyajya, which we have 
translated " meridian-sine." 

5. . . . Multiply the meridian-sine by the orient-sine, and divide 
by radius : square the result, 

6. And subtract it from the square of the meridian-sine : the 
square root of the remainder is the sine of ecliptic zenith-distance 
(tlrklcshepa) ; the square root of the difference of the squares of 
that and radius is the sine of ecliptic-altitude (drggati). 

Here we are taught how to find the sines of the zenith-distance and 
altitude respectively of that point of the ecliptic which has greatest alti- 
tude, or is nearest to the zenith, and which is also the central point 
of the portion of the ecliptic above the horizon : it is called by the 
commentary, as already noticed (see note to v. 1), trilhonalagna. Thus, 
in the last figure, if QR be the vertical circle passing through the pole 
of the ecliptic, P', and cutting the ecliptic, CT, in B, B is the central 
ecliptic-point {tribhonalagna), and the arcs seen projected in Z B and 
B R are its zenith-distance and altitude respectively. In order, now, to 
find the sine of ZB, we first find that of B L, and by the following pro- 
cess. CD is the orient-sine, already found. But since CZ and CP' 
are quadrants, C is a pole of the vertical circle Q R, and C R is a quad- 
rant. ES is also a quadrant: take away their common part CS, and 
CE remains equal to S R, and the sine of the latter, SO, is equal to 
that of the former, C D, the " orient-sine." Now, then, Z B L is treated 
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as if it were a plane horizontal triangle, and similar to Z S, and the 
proportion is made 

ZS:SO:ZL:BL 
or E : or.-sine : : mer.-sine : B L 

This is so far a correct process, that it gives the true sine of the arc 
BL: for, by spherical trigonometry, in the spherical triangle ZBL, 
right-angled at B, 

sin Z B L : sin B Z L : : sin arc Z L : sin arc B L 
or B:SO::ZL:sinBL 

Bnt the third side of a plane right-angled triangle of which the sines 
of the arcs ZB and ZL are hypothenuse and perpendicular, is not the 
sine of B L. If we conceive the two former sines to be drawn from Z, 
meeting in b and I respectively the lines drawn from B and L to the 
centre, then the line joining b I will be the third side, being plainly less 
than sin B L. Hence, on subtracting sin a B L from sin'ZL, and taking 
the square root of the remainder, we obtain, not sinZB, but a less quan- 
tity, which may readily be shown, by spherical trigonometry, to be 
sin Z B cos B L. The value, then, of the sine of ecliptic zenith-distance 
(drkkskepa) as determined by this process, is always less than the truth, 
and as the corresponding cosine (drggati) is found by subtracting the 
square of the sine from that of radius, and taking the square root of the 
remainder, its value is always proportionally greater than the truth. This 
inaccuracy is noticed by the commentator, who points out correctly its 
reason and nature : probably it was also known to those who framed the 
rule, but disregarded, as not sufficient to vitiate the general character of 
the process : and it may, indeed, well enough pass unnoticed among 
all the other inaccuracies involved in the Hindu calculations of the 
parallax. 

As regards the terms employed to express the sines of ecliptic zenith- 
distance and altitude, we have already met with the first member of each 
compound, drp, literally " sight," in other connected uses : as in drgjyd, 
"sine of zenith-distance" (see above, iii. 33), drgvrtta, "vertical-circle" 
(commentary to the first verse of this chapter) : here it is combined 
with words which seem to be rather arbitrarily chosen, to form techni- 
cal appellations for quantities used only in this process : the literal 
meaning of Jcshepa is " throwing, hurling ;" of gati, " gait, motion." 

7. The sine and cosine of meridian zenith-distance (natdneds) 
are the approximate (asphuta) sines of ecliptic zenith-distance 
and altitude (drkkshepa, drggati). . . . 

This is intended as an allowable simplification of the above process 
for finding the sines of ecliptic zenith-distance and altitude, by substi- 
tuting for them other quantities to which they are nearly equivalent, 
and which are easier of calculation. These are the sines of zenith- 
distance and altitude of the meridian ecliptic-point (madhyalagna — L in 
Fig. 26) the former of which has already been made an element in the 
other process, under the name of "meridian-sine" (madhyajya). It 
might, indeed, from the terms of the text, be doubtful of what point the 
altitude and zenith-distance were to be taken ; a passage cited by the 
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commentator from Bhaskara's Siddhanta-Ciromani (found on page 221 
of the published edition of the Ganitadhyaya) directs the sines of zenith- 
distance and altitude of B (tribhonalagna) when upon the meridian — 
that is to say, the sine and cosine of the arc Z F — to be substituted for 
those of Z B in a hasty process : but the value of the sine would in 
this case be too small, as in the other it was too great : and as the text 
nowhere directly recognizes the point B, and as directions have been 
given in verse 5 for finding the meridian zenith-distance of L, it seems 
hardly to admit of a doubt that the latter is the point to which the text 
here intends to refer. 

Probably the permission to make this substitution is only meant to 
apply to cases where Z L is of small amount, or where C has but little 
amplitude. 

7. . . . Divide the square of trie sine of one sign by the sine 
called that of ecliptic-altitude (drggatijivd) ; the quotient is the 
"divisor" (cheda). 

8. By this " divisor " divide the sine of the interval between 
the meridian ecliptic-point (madhyalagna) and the sun's place: 
the quotient is to be regarded as the parallax in longitude (lam- 
bana) of the sun and moon, eastward or westward, in nMis, etc. 

The true nature of the process by which this final rule for finding the 
parallax in longitude is obtained is altogether hidden from sight under 
the form in which the rule is stated. Its method is as follows : 

We have seen, in connection with the first verse of the preceding 
chapter, that the greatest parallaxes of the sun and moon are quite 
nearly equivalent to the mean motion of each during 4 nadis. Hence, 
were both bodies in the horizon, and the ecliptic a vertical circle, the 
moon would be depressed in her orbit below the sun to an amount equal 
to her excess in motion during 4 nadis. This, then, is the moon's 
greatest horizontal parallax in longitude. To find what it would be at 
any other point in the ecliptic, still considered as a vertical circle, we 
make the proportion 

R : 4 (hor. par.) : : sin zen.-dist. : vert, parallax 

This proportion is entirely correct, and in accordance with our modern 
rule that, with a given distance, the parallax of a body varies as the sine 
of its zenith-distance : whether the Hindus had made a rigorous de- 
monstration of its truth, or whether, as in so many other cases, seeing 
that the parallax was greatest when the sine of zenith-distance was 
greatest, and nothing when this was nothing, they assumed it to vary 
in the interval as the sine of zenith-distance, saying " if, with a sine 
of zenith-distance which is equal to radius, the parallax is four nadls, 
with a given sine of zenith-distance what is it?" — this we will not ven- 
ture to determine. 

But now is to be considered the farther case in which the ecliptic is 
not a vertical circle, but is depressed below the zenith a certain distance, 
measured by the sine of ecliptic zenith-distance (drkkshepa), already 
found. Here again, noting that the parallax is all to be reckoned as 
parallax in longitude when the ecliptic is a vertical circle, or when the 
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sine of ecliptic-altitude is greatest, and that it would be only parallax 
in latitude when the ecliptic should be a horizontal circle, or when the 
sine of ecliptic-altitude should be reduced to nothing, the Hindus assume 
it to vary in the interval as that sine, and accordingly make the propor- 
tion : " if, with a sine of ecliptic-altitude that is equal to radius, the par- 
allax in longitude is equal to the vertical parallax, with any given sin© 
of ecliptic-altitude what is it?" — or, inverting the middle terms, 

E : sin ecl.-alt. : : vert, parallax : parallax in long. 
But we had before 

R : 4 : : sin zen.-dist. : vert, parallax 

hence, by combining terms, 

K a : 4 sin ecl.-alt: : sin zen.-dist. : parallax in long. 
For the third term of this proportion, now, is substituted the sine of the 
distance of the given point from the central ecliptic-point : that is to say, 
B m (Fig. 26) is substituted for Z m ; the two are in fact of equal value 
only when they coincide, or else at the horizon, when each becomes a 
quadrant ; but the error involved in the substitution is greatly lessened 
by the circumstance that, as it increases in proportional amount, the 
parallax in longitude itself decreases, until at B the latter is reduced to 
nullity, as is the vertical parallax at Z. The text, indeed, as in verses 
1 and 9, puts madhyalagna, L, for tribhonalagna, B, in reckoning this 
distance : but the commentary, without ceremony or apology, reads the 
latter for the former. These substitutions being made, and the propor- 
tion being reduced to the form of an equation, we have 

sin dist.X 4 sin ecl.-alt. 
par. in long. = — 

which reduces to 

sin dist. sin dist. 

or 



K 8 ~ 4 siu eel. alt. iR'-r si» ecl.-alt. 

and since ^R 2 = (£R) 2 , and £11 = sin 30°, we have finally 

. , sin dist. 

par. in long. = 



sin 8 30° -r- sin ecl.-alt. 
which is the rule given in the text. To the denominator of the fraction, 
in its final form, is given the technical name of cheda, " divisor," which 
word we have had before similarly used, to designate one of the factors 
in a complicated operation (see above, iii. 35, 38). 

"We will now examine the correctness of the second principal propor- 
tion from which the rule is deduced. It is, in terms of the last figure 
(Fig. 26), 

R : siaZP (=B R) : : to M : to n 

Assuming the equality of the little triangles Mmn and Mmn', and 
accordingly that of the angles mMn and M m n', which latter equals 
Z to P', we have, by spherical trigonometry, as a true proportion, 

sin m n' M : sin M m n' : : to M : m n' 
or R : sin Z m P' : : to M : to n. 

Hence the former proportion is correct only when sin ZP'and sin 
Z to P' are equal ; that is to say, when Z P' measures the angle Zto P' ; 
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and this can be the case only when Z m, as well as P' m, is a quadrant, 
or when m is on the horizon. Here again, however, precisely as in the 
case last noticed, the importance of the error is kept within very narrow 
limits by the fact that, as its relative consequence increases, the amount 
of the parallax in longitude affected by it diminishes. 

9. When the sun's longitude is greater than that of the meri- 
dian ecliptic-point (madhyalagna), subtract the parallax in longi- 
tude from the end of the lunar day ; when less, add the same : 
repeat the process until all is fixed. 

The text so pertinaciously reads " meridian ecliptic-point " (madhya- 
lagna) where we should expect, and ought to have, " central ecliptic- 
point" (tribhonalagna), that we are almost ready to suspect it of mean- 
ing to designate the latter point by the former name. It is sufficiently 
clear that, whenever the sun and moon are to the eastward of the cen- 
tral ecliptic-point, the effect of the parallax in longitude will be to throw 
the moon forward on her orbit beyond the sun, and so to cause the time 
of apparent to precede that of real conjunction; and the contrary. 
Hence, in the eastern hemisphere, the parallax, in time, is subtraetive, 
while in the western it is additive. But a single calculation and appli- 
cation of the correction for parallax is not enough ; the moment of ap- 
parent conjunction must be found by a series of successive approxima- 
tions : since if, for instance, the moment of true conjunction is 25 n 2 V , 
and the calculated parallax in longitude for that moment is 2 n 21 v , the 
apparent end of the lunar day will not be at 2'7 n 23 T , because at the 
latter time the parallax will be greater than 2 n 21 v , deferring accordingly 
still farther the time of conjunction ; and so on. The commentary ex- 
plains the method of procedure more fully, as follows: for the moment 
of true conjunction in longitude calculate the parallax in longitude, and 
apply it to that moment : for the time thus found calculate the parallax 
anew, and apply it to the moment of true conjunction : again, for the 
time found as the result of this process, calculate the paralfax, and ap- 
ply it as before ; and so proceed, until a moment is arrived at, at which 
the difference in actual longitude, according to the motions of the two 
planets, will just equal and counterbalance the parallax in longitude. 

The accuracy of this approximative process cannot but be somewhat 
impaired by the circumstance that, while the parallax is reckoned in 
difference of mean motions, the corrections of longitude must be made 
in true motions. Indeed, the reckoning of the horizontal parallax in 
time as 4 nadis, whatever be the rate of motion of the sun and moon, is 
one of the most palpable among the many errors which the Hindu pro- 
cess involves. 

To ascertain the moment of apparent conjunction in longitude, only 
the parallax in longitude requires to be known ; but to determine the 
time of occurrence of the other phases of the eclipse, it is necessary to 
take into account the parallax in latitude, the ascertainment of which is 
accordingly made the subject of the next rule. 

10. If the sine of ecliptic zenith-distance (drkkshepa) be multi- 
plied by the difference of the mean motions of the sun and 
vol. vi. 38 
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moon, and divided by fifteen times radius, the result will be the 
parallax in latitude (avanati). 

As the sun's greatest parallax is equal to the fifteenth part of his 
mean daily motion, and that of the moon to the fifteenth part of hers 
(see note to iv. 1, above), the excess of the moon's parallax over that of 
the sun is equal, when greatest, to one fifteenth of the difference of 
their respective mean daily motions. This will be the value of the 
parallax in latitude when the ecliptic coincides with the horizon, or 
when the sine of ecliptic zenith-distance becomes equal to radius. On 
the other hand, the parallax in latitude disappears when this same sine 
is reduced to nullity. Hence it is to be regarded as varying with the 
sine of ecliptic zenith-distance, and, in order to find its value at any 
given point, we say "if, with a sine of ecliptic zenith-distance which is 
equal to radius, the parallax in latitude is one fifteenth of the difference 
of mean daily motions, with a given sine of ecliptic zenith-distance 
what is it f or 

R : diff. of mean m.-=-15 : : sin eel. zen.-dist. : parallax in lat. 

This proportion, it is evident, would give with entire correctness the 
parallax at the central ecliptic-point (B in Fig. 26), where the whole 
vertical parallax is to be reckoned as parallax in latitude. But the rule 
given in the text also assumes that, with a given position of the ecliptic, 
the parallax in latitude is the same at any point in the ecliptic. Of this 
the commentary offers no demonstration, but it is essentially true, For, 
regarding the little triangle M m n as a plane triangle, right-angled at n, 
and with its angle tiniM equal to the angle Z m B, we have 

R : sin Z m B : : M m : M n 
But, in the spherical triangle ZwB, right-angled at B, 

R : sin Z m B : : sin Z m : sin Z B 
Hence, by equality of ratios, 

sin Z m : sin Z B : : M m : M n 
But, as before shown, 

R : sin Z m : : gr. parallax : M m 
Hence, by combining terms, 

R : sin Z B : : gr. parallax : M n 

That is to say, whatever be the position of m, the point for which the 
parallax in latitude is sought, this will be equal to the product of the 
greatest parallax into the sine of ecliptic zenith-distance, divided by 
radius : or, as the greatest parallax equals the difference of mean mo- 
tions divided by fifteen, 

. ,, sinecl.s:en.-dist.vdiffiof m.nr\-j-15 sin ecl.zen.-dist.X cliff, of rn.m. 
par. m lat. = g or — g 

The next verse teaches more summary methods of arriving at the 
same quantity. 

11, Or, the parallax in latitude is the quotient arising from 
dividing the sine of ecliptic zenith-distance (drMshepa) by sev- 
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enty, or, from multiplying it by forty -nine, and dividing it by 
radius. 

In the expression given above for the value of the parallax in latitude, 
all the terms are constant excepting the sine of ecliptic zenith-distance. 
The difference of the mean daily motions is 731' 27", and fifteen times 
radius is 51,570'. Now 731' 27"-r51,570' equals yirW or 48.77^-R; 
to which the expressions given in the text are sufficiently near approxi- 
mations. 

12. The parallax in latitude is to be regarded as south, or 
north according to the direction of the meridian-sine (madhyajyd). 
"When it and the moon's latitude are of like direction, take their 
sum ; otherwise, their difference : 

13. With this calculate the half-duration (sthiti), half total ob- 
scuration (vimarda), amount of obscuration (grdsa), etc., in the 
manner already taught; likewise the scale of projection (pra- 
mdna), the deflection (valana), the required amount of obscura- 
tion, etc., as in the case of a lunar eclipse. 

In ascertaining the true time of occurrence of the various phases of 
a solar eclipse, as determined by the parallax of the given point of ob- 
servation, we are taught first to make the whole correction for parallax 
in latitude, and then afterward to apply that for parallax in longitude. 
The former part of the process is succinctly taught in verses 12 and 13 : 
the rules for the other follow in the next passage. The language of the 
text, as usual, is by no means so clear and explicit as could be wished. 
Thus, in the case before us, we are not taught whether, as the first step 
in this process of correction, we are to calculate the moon's parallax in 
latitude for the time of true conjunction {titkyanta, "end of the lunar 
day "), or for that of apparent conjunction (madhyagrahana, " middle of 
the eclipse"). It might be supposed that, as we have thus far only had 
in the text directions for finding the sine and cosine of ecliptic zenith- 
distance at the moment of true conjunction, the former of them was to 
be used in the calculations of verses 10 and 11, and the result from it, 
which would be the parallax at the moment of true conjunction, applied 
here as the correction needed. Nor, so far as we have been able to 
discover, does the commentator expound what is the true meaning of 
the text upon this point. It is sufficiently evident, however, that the 
moment of apparent conjunction is the time required. We have found, 
by a process of successive approximation, at what time (see Fig. 25), the 
moon (her latitude being neglected) being at m and the sun at n, the 
parallax in longitude and the difference of true longitude will both be 
the same quantity, mn, and so, when apparent conjunction will take 
place. Now, to know the distance of the two centres at that moment, 
we require to ascertain the parallax in latitude, n M, for the moon at m, 
and to apply it to the moon's latitude when in the same position, taking 
their sum when their direction is the same, and their difference when 
their direction is different, as prescribed by the text ; the net result will 
be the distance required. The commentary, it may be remarked, ex- 
pressly states that the moon's latitude is to be calculated in this opera- 
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tion for the time of apparent conjunction (mudhyagrahana). The dis- 
tance thus found will determine the amount of greatest obscuration, and 
the character of the eclipse, as taught in verse 10 of the preceding chap- 
ter. It is then farther to be taken as the foundation of precisely such a 
process as that described in verses 12-15 of the same chapter, in order 
to ascertain the half-time of duration, or of total obscuration : that is to 
say, the distance in latitude of the two centres being first assumed as 
invariable through the whole duration of the eclipse, the half-time of 
duration, and the resulting moments of contact and separation are to be 
ascertained : for these moments the latitude and parallax in latitude are 
to be calculated anew, and by them a new determination of the times of 
contact and separation is to be made, and so on, until these are fixed 
with the degree of accuracy required. If the eclipse be total, a similar 
operation must be gone through with to ascertain the moments of im- 
mersion and emergence. No account is made, it will be noticed, of the 
possible occurrence of an annular eclipse. 

The intervals thus found, after correction for parallax in latitude 
only, between the middle of the eclipse and the moments of contact and 
separation respectively, are those which are called in the last chapter 
(vv. 19, 23), the "mean half-duration" (madhyasthityardha). 

In this process for finding the net result, as apparent latitude, of the 
actual latitude and the parallax in latitude, is brought out with dis- 
tinctness the inaccuracy already alluded to; that, whatever be the 
moon's actual latitude, her parallax is always calculated as if she were 
in the ecliptic. In an eclipse, however, to which case alone the Hindu 
processes are intended to be applied, the moon's latitude can never be 
of any considerable amount. 

The propriety of determining the direction of the parallax in latitude 
by means of that of the meridian-sine (ZL in Fig. 26), of which the 
direction is established as south or north by the process of its calcula- 
tion, is too evident to call for remark. 

In verse 13 is given a somewhat confused specification of matters 
which are, indeed, affected by the parallax in latitude, but in different 
modes and degrees. The amount of greatest obscuration, and the 
(mean) half-times of duration and total obscuration, are the quantities 
directly dependent upon the calculation of that parallax, as here pre- 
sented : to find the amount of obscuration at a given moment — as also 
the time corresponding to a given amount of obscuration — we require 
to know also the true half-duration, as found by the rules stated in the 
following passage : while the scale of projection and the deflection are 
affected by parallax only so far as this alters the time of occurrence of 
the phases of the eclipse. 

14. For the end of the lunar day, diminished and increased by 
the half-duration, as formerly, calculate again the parallax in 
longitude for the times of contact {grdsa) and of separation {mole- 
sha), and find the difference between these and the parallax in 
longitude (harija) for the middle of the eclipse. 

15. If, in the eastern hemisphere, the parallax in longitude 
for the contact is greater than that for the middle, and that for 
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the separation less ; and if, in the western hemisphere, the con- 
trary is the case — 

16. Then the difference of parallax in longitude is to be added 
to the half-duration on the side of separation, and likewise on 
that of contact (pragrahana) ; when the contrary is true, it is to 
be subtracted. 

17. These rules are given for cases where the two parallaxes 
are in the same hemisphere : where they are in different hemi- 
spheres, the sum of the parallaxes in longitude is to be added to 
the corresponding half-duration. The principles here stated ap- 
ply also to the half-time of total obscuration. 

We are supposed to have ascertained, by the preceding process, the 
true amount' of apparent latitude at the moments of first and last con- 
tact of the eclipsed and eclipsing bodies, and consequently to have de- 
termined the dimensions of the triangle — corresponding, in a solar 
eclipse, to CGP, Fig. 21, in a lunar — made up of the latitude, the dis- 
tance in longitude, and the sum of the two radii. The question now is 
how the duration of the eclipse will be affected by the parallax in longi- 
tude. If this parallax remained constant during the continuance of the 
eclipse, its effect would be nothing ; and, having once determined by it 
the time of apparent conjunction, we should not need to take it farther 
into account. But it varies from moment to moment, and the effect of 
its variation is to prolong the duration of every part of a visible eclipse. 
For, to the east of the central ecliptic-point, it throws the moon's disk 
forward upon that of the sun, thus hastening the occurrence of all the 
phases of the eclipse, but by an amount which is all the time decreasing, 
so that it hastens the beginning of the eclipse more than the middle, 
and the middle more than the close : to the west of that same point, on 
the other hand, it depresses the moon's disk away from the sun's, but by 
an amount constantly increasing, so that it retards the end of the eclipse 
more than its middle, and its middle more than its beginning. The 
effect of the parallax in longitude, then, upon each half-duration of the 
eclipse, will be measured by the difference between its retarding and ac- 
celerating effects upon contact and conjunction, and upon conjunction 
and separation, respectively : and the amount of this difference will 
always be additive to the time of half-duration as otherwise determined. 
If, however, contact and conjunction, or conjunction and separation, 
take place upon opposite sides of the point of no parallax in longitude, 
then the sum of the two parallactic effects, instead of their difference, 
will be to be added to the corresponding half-duration : since the one, 
on the east, will hasten the occurrence of the former phase, while the 
other, on the west, will defer the occurrence of the latter phase. The 
amount of the parallax in longitude for the middle of the eclipse has 
already been found ; if, now, we farther determine its amount — reckoned, 
it will be remembered, always in time — for the moments of contact and 
separation, and add the difference or the sum of each of these and the 
parallax for the moment of conjunction to the corresponding half- 
duration as previously determined, we shall have the true times of half- 
duration. In order to find the parallax for contact and separation, we 
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repeat the same process (see above, v. 9) by which that for conjunction 
was found : as we then started from the moment of true conjunction, 
and, by a series of successive approximations, ascertained the time when 
the difference of longitude would equal the parallax in longitude, so now 
we start from two moments removed from that of true conjunction by 
the equivalents in time of the two distances in longitude obtained by the 
last process, and, by a similar series of successive approximations, ascer- 
tain the times when the differences of longitude, together with the par- 
allax, will equal those distances in longitude. 

In the process, as thus conducted, there is an evident inaccuracy. It 
is not enough to apply the whole correction for parallax in latitude, and 
then that for parallax in longitude, since, by reason of the change effected 
by the latter in the times of contact and separation, a new calculation of 
the former becomes necessary, and then again a new calculation of the 
latter, and so on, until, by a series of doubly compounded approxima- 
tions, the true value of each is determined. This was doubtless known 
to the framers of the system, but passed over by them, on account of 
the excessively laborious character of the complete calculation, and be- 
cause the accuracy of such results as they could obtain was not sensibly 
affected by its neglect. 

The question naturally arises, why the specifications of verse 15 are 
made hypothetical instead of positive, and why, in the latter half of 
verse 16, a case is supposed which never arises. The commentator an- 
ticipates this objection, and takes much pains to remove it : it is not 
worth while to follow his different pleas, which amount to no real expla- 
nation, saving to notice his last suggestion, that, in case an eclipse begins 
before sunrise, the parallax for its earlier phase or phases, as calculated 
according to the distance in time from the lower meridian, may be less 
than for its later phases — and the contrary, when the eclipse ends after 
sunset. This may possibly be the true explanation, although we are 
justly surprised at finding a case of so little practical consequence, and 
to which no allusion has been made in the previous processes, here 
taken into account. 

The text, it may be remarked, by its use of the terms " eastern and 
western hemispheres" (kap&la, literally "cup, vessel"), repeats once more 
its substitution of the meridian ecliptic-point (madhyalagna) for the 
central ecliptic-point (tribhonalagna), as that of no parallax in longitude ; 
the meridian forming the only proper and recognized division of the 
heavens into an eastern and a western hemisphere. 

We are now prepared to see the reason of the special directions given 
in verses 19 and 23 of the last chapter, respecting the reduction, in a 
solar eclipse, of distance in time from the middle of the eclipse to dis- 
tance in longitude of the two centres. The "mean half-duration" 
(madhyasthityardha) of the eclipse is the time during which the true dis- 
tance of the centres at the moments of contact or separation, as found 
by the process prescribed in verses 12 and 13 of this chapter, would be 
gained by the moon with her actual excess of motion, leaving out of ac- 
count the variation of parallax in longitude : the " true half-duration " 
(sphutaslhityardka) is the increased time in which, owing to that varia- 
tion, the same distance in longitude is actually gained by the moon ; 
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the effect of the parallax being equivalent either to a diminution of the 
moon's excess of motion, or to a protraction of the distance of the two 
centers — both of them in the ratio of the true to the mean half-duration. 
If then, for instance, it be required to know what will be the amount of 
obscuration of the sun half an hour after the first contact, we shall first 
subtract this interval from the true half-duration before conjunction ; the 
remainder will be the actual interval to the middle of the eclipse : this 
interval, then, we shall reduce to its value as distance in longitude by 
diminishing it, either before or after its reduction to minutes of arc, in 
the ratio of the true to the mean half-duration. The rest of the process 
will be performed precisely as in the case of an eclipse of the moon. 

Notwithstanding the ingenuity and approximate correctness of many 
of the rules and methods of calculation taught in this chapter, the whole 
process for the ascertainment of parallax contains so many elements of 
error that it hardly deserves to be called otherwise than cumbrous and 
bungling. The false estimate of the difference between the sun's and 
moon's horizontal parallax — the neglect, in determining it, of the varia- 
tion of the moon's distance — the estimation of its value in time made 
always according to mean motions, whatever be the true motions of the 
planets at the moment — the neglect, in calculating the amount of par- 
allax, of the moon's latitude — these, with all the other inaccuracies of 
the processes of calculation which have been pointed out in the notes, 
render it impossible that the results obtained should ever be more than 
a rude approximation to the truth. 

In farther illustration of the subject of solar eclipses, as exposed in 
this and the preceding chapters, we present, in the Appendix, a full cal- 
culation of the eclipse of May 26th, 1854, mainly as made for the trans- 
lator, during his residence in India, by a native astronomer. 



CHAPTER VI. 

OF THE PROJECTION OF ECLIPSES. 

Contents : — 1 , value of a projection ; 2-4, general directions ; 6-6, how to lay off 
the deflection and latitude for the beginning and end of the eclipse ; 7, to exhibit 
the points of contact and separation ; 8-10, how to lay off the deflection and lati- 
tude for the middle of the eclipse; 11, to show the amount of greatest obscura- 
tion; 12, reversal of directions in the western hemisphere; 13, least amount of 
obscuration observable; 14-16, to draw the path of the eclipsing body; 17—19, to 
show the amount of obscuration at a given time ; 20-22, to exhibit the points of 
immersion and emergence in a total eclipse; 23, color of the part of the moon 
obscured ; 24, caution as to communicating a knowledge of these matters. 

1. Since, without a projection (chedyaJca), the precise (sphvta) 
differences of the two eclipses are not understood, I shall proceed 
to explain the exalted doctrine of the projection. 
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The term chedyaJca is from the root chid, " split, divide, sunder," and 
indicates, as here applied, the instrumentality by which distinctive dif- 
ferences are rendered evident. The name of the chapter, parilekhddhi- 
ktira, is riot taken from this word, but from parilekha, " delineation, 
figure," which occurs once below, in the eighth verse. 

2. Having fixed, upon a well prepared surface, a point, de- 
scribe from it, in the first place, with a radius of forty-nine digits 
(angula), a circle for the deflection (valana): 

3. Then a second circle, with a radius equal to half the sum of 
the eclipsed and eclipsing bodies ; this is called the aggregate- 
circle (samdsa) ; then a third, with a radius equal to half the 
eclipsed body. 

4. The determination of the directions, north, south, east, and 
west, is as formerly. In a lunar eclipse, contact (grahana) takes 
place on the east, and separation (moksha) on the west ; in a so- 
lar eclipse, the contrary. 

The larger circle, drawn with a radius of about three feet, is used solely 
in laying off the deflection (valana) of the ecliptic from an east and 
west circle. We have seen above (iv. 24, 25) that the sine of this de- 
flection was reduced to its value in a circle of forty-nine digits' radius, 
by dividing by seventy its value in minutes. The second circle is em- 
ployed (see below, vv. 6, 7) in determining the points of contact and 
separation. The third represents the eclipsed body itself, always main- 
taining a fixed position in the centre of the figure, even though, in a 
lunar eclipse, it is the body which itself moves, relatively to the eclipsing 
shadow. For the scale by which the measures of the eclipsed and 
eclipsing bodies, the latitudes, etc., are determined, see above, iv. 26. 

The method of laying down the cardinal directions is the same with 
that used in constructing a dial ; it is described in the first passage of 
the third chapter (iii. 1-4). 

The specifications of the latter half of verse 4 apply to the eclipsed 
body, designating upon which side of it obscuration will commence and 
terminate. 

5. In a lunar eclipse, the deflection (valana) for the contact is 
to be laid off in its own proper direction, but that for the separa- 
tion in reverse ; in an eclipse of the sun, the contrary is the case. 

The accompanying figure (Fig. 21) will illustrate the Hindu method 
of exhibiting, by a projection, the various phases of an eclipse. Its 
conditions are those of the lunar eclipse of Feb. 6th, 1860, as deter- 
mined by the data and methods of this treatise : for the calculation see 
the Appendix. Let M be the centre of the figure and the place of the 
moon, and let N S and E W be the circles of direction drawn through 
the moon's centre ; the former representing (see above, under iv. 24, 25) 
a great circle drawn through the north and south points of the horizon, 
the latter a small circle parallel to the prime vertical. In explanation 
of the manner in which these directions are presented by the figure, we 
would remark that we have adapted it to a supposed position of the 
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observer on the north side of his projection, as at N, and looking south- 
ward — a position which, in our latitude, he would naturally assume, for 



Fig. 27. 




the purpose of comparing the actual phases of the eclipse, as they oc- 
curred, with his delineation of them. The heavier circle, IV, is that 
drawn with the sum of the semi-diameters, or the " aggregate-circle ;" 
while the outer one, NESW, is that for the deflection. This, in order 
to reduce the size of the whole figure, we have drawn upon a scale very 
much smaller than that prescribed ; its relative dimensions being a mat- 
ter of no consequence whatever, provided the sine of the deflection be 
made commensurate with its radius. In our own, or the Greek, method 
of laying off an arc, by its angular value, the radius of the circle of de- 
flection would also be a matter of indifference : the Hindus, ignoring 
angular measurements, adopt the more awkward and bungling method 
of laying off the arc by means of its sine. Let vw equal the deflection, 
calculated for the moment of contact, expressed as a sine, and in terms 
of a circle in which E M is radius. Now, as the moon's contact with 
the shadow takes place upon her eastern limb, the deflection for the 
contact must be laid off from the east point of the circle ; and, as the 
calculated direction of the deflection indicates in what way the ecliptic 
is pointing eastwardly, it must be laid oft' from E in its own proper di- 
voi., vi. 39 
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reetion. In the case illustrated, the deflection for the contact is north : 
hence we lay it off northward from E, and then the lino drawn from M 
to v, its extremity — which line represents the direction of the ecliptic 
at the moment — points northward. Again, upon the side of separation 
— which, for the moon, is the western side — we lay off the deflection for 
the moment of separation : but we lay it off from W in the reverse of 
its true direction, in order that the line from its extremity to the centre 
may truly represent the direction of the ecliptic. Thus, in the eclipse 
figured, the deflection for separation is south ; we lay it off northward 
from W, and then the line v' M points, toward M, southward. In a solar 
eclipse, in which, since the sun's western limb is the first eclipsed, the 
deflection for contact must be laid off from W, and that for separation 
from E, the direction of the former requires to be reversed, and that of 
the latter to be maintained as calculated. 

6. From the extremity of either deflection draw a line to the 
centre: from the point where that cuts the aggregate-circle 
(■samdsa) are to be laid off the latitudes of contact and of separa- 
tion. 

7. From the extremity of the latitude, again, draw a line to 
the central point : where that, in either ease, touches the eclipsed 
body, there point out the contact and separation. 

8. Always, in a solar eclipse, the latitudes are to be drawn in 
the figure (parilekha) in their proper direction; in a lunar 
eclipse, in the opposite direction. . . . 

The lines v M and v' M, drawn from v and v', the extremities of the 
sines or arcs which measure the deflection, to the centre of the figure, 
represent, as already noticed, the direction of the ecliptic with reference 
to an east and west line at the moments of contact and separation. 
From them, accordingly, and at right angles to them, are to be laid off 
the values of the moon's latitude at those moments. Owing, however, 
to the principle adopted in the projection, of regarding the eclipsed 
body as fixed in the centre of the figure, and the eclipsing body as pass- 
ing over it, the lines v M and v' M do not, in the case of a lunar eclipse, 
represent the ecliptic itself, in which is the centre of the shadow, but the 
small circle of latitude, in which is the moon's centre : hence, in laying 
off the moon's latitude to determine the centre of the shadow, we re- 
verse its direction. Thus, in the case illustrated, the moon's latitude is 
always south : we lay off, then, the lines k I and ¥ I ', representing its 
value at the moments of contact and separation, northward : they are, 
like the deflection, drawn as sines, and in such manner that their ex- 
tremities, I and I', are in the aggregate-circle : then, since I M and I' M 
are each equal to the sum of the two semi-diameters, and I k and I' k' 
to the latitudes, k M and k' M will represent the distances of the centres 
in longitude, and I and V the places of the centre of the shadow, at con- 
tact and separation : and upon describing circles from I and V, with radii 
equal to the semi-diameter of the shadow, the points c and s, where 
these touch the disk of the moon, will be the points of first and last con- 
tact : e and * being also, as stated in the text, the points where I M and 
/' M meet the circumference of the disk of the eclipsed body. 
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8. ... In accordance with this, then, for the middle of the 
eclipse, 

9. The deflection is to be laid off — eastward, when it and the 
latitude are of the same direction ; when they are of different 
directions, it is to be laid off westward: this is for a lunar 
eclipse ; in a solar, the contrary is the case. 

10. From the end of the deflection, again, draw a line to the 
central point, and upon this line of the middle lay off the lati- 
tude, in the direction of the deflection. 

11. From the extremity of the latitude describe a circle with 
a radius equal to half the measure of the eclipsing body : what- 
ever of the disk of the eclipsed body is enclosed within that 
circle, so much is swallowed up by the darkness (tamas). 

The phraseology of the text in this passage is somewhat intricate and 
obscure ; it is fully explained by the commentary, as, indeed, its mean- 
ing is also deducible with sufficient clearness from the conditions of the 
problem sought to be solved. It is required to represent the deflection 
of the ecliptic from an east and west line at the moment of greatest 
obscuration, and to fix the position of the centre of the eclipsing body 
at that moment. The deflection is this time to be determined by a 
secondary to the ecliptic, drawn from near the north or south point of 
the figure. The first question is, from which of these two points shall 
the deflection be laid off, and the line to the centre drawn. Now since, 
according to verse 10, the latitude itself is to be measured upon the line 
of deflection, the latter must be drawn southward or northward accord- 
ing to the direction in which the latitude is to be laid off. And this is 
the meaning of the last part of verse 8 ; "in accordance," namely, with 
the direction in which, according to the previous part of the verse, the 
latitude is to be drawn. But again, in which direction from the north 
or south point, as thus determined, shall the deflection be measured ? 
This must, of course, be determined by the direction of the deflection 
itself : if south, it must obviously be measured east from the north point 
and west from the south point ; if - north, the contrary. The rules of 
the text are in accordance with this, although the determining circum- 
stance is made to be the agreement or non-agreement, in respect to 
direction, of the deflection with the moon's latitude — the latter being 
this time reckoned in its own proper direction, and not, in a lunar 
eclipse, reversed. Thus, in the case for which the figure is drawn, as 
the moon's latitude is south, and must be laid off northward from M, 
the deflection, v" w", is measured from the north point ; as deflection 
and latitude are both south, it is measured east from N. In an eclipse 
of the sun, on the other hand, the moon's latitude wonld, if north, be 
laid off northward, as in the figure, and hence also, the deflection would 
be measured from the north point : but it would be measured eastward, 
if its own direction were south, or disagreed with that of the latitude. 

The line of deflection, which is M v" in the figure, being drawn, and 
having the direction of a perpendicular to the ecliptic at the moment of 
opposition, the moon's latitude for that moment, M I", is laid off directly 
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upon it. The point I" is, accordingly, the position of the centre of the 
shadow at the middle of the eclipse, and if from that centre, with a 
radius equal to the semi-diameter of the eclipsing body, a circle be drawn, 
it will include so much of the disk of the eclipsed body as is covered 
when the obscuration is greatest. In the figure the eclipse is shown as 
total, the Hindu calculations making it so, although, in fact, it is only a 
partial eclipse. 

12. By the wise man who draws the projection (ckedyaka), 
upon the ground or upon a board, a reversal of directions is to 
be made in the eastern and western hemispheres. 

This verse is inserted here in order to remove the objection that, in 
the eastern hemisphere, indeed, all takes place as stated, but, if the 
eclipse occurs west of the meridian, the stated directions require to be 
all of them reversed. In order to understand this objection, we must 
take notice of the origin and literal meaning of the Sanskrit words 
which designate the cardinal directions. The face of the observer is 
supposed always to be eastward : then " east" is prane, " forward, toward 
the front"; "west" is, paf cat, "backward, toward the rear": "south" is 
dakshina, " on the right" ; " north" is uttara, " upward" (i. e., probably, 
toward the mountains, or up the course of the rivers in north-western 
India). These words apply, then, in etymological strictness, only when 
one is looking eastward — and so, in the present case, only when the 
eclipse is taking place in the eastern hemisphere, and the projector is 
watching it from the west side of his projection, with the latter before 
him : if, on the other hand, he removes to E, turning his face westward, 
and comparing the phenomena as they occur in the western hemisphere 
with his delineation of them, then " forward" (pr&nc) is no longer east, 
but west ; " right" (dakshina) is no longer south, but north, etc. 

It is unnecessary to point out that this objection is one of the most 
frivolous and hair-splitting character, and its removal by the text a waste 
of trouble : the terms in question have fully acquired in the language an 
absolute meaning, as indicating directions in space, without regard to the 
position of the observer. 

13. Owing to her clearness, even the twelfth part of the moon, 
when eclipsed (grasta), is observable ; but, owing to his piercing 
brilliancy, even three minutes of the sun, when eclipsed, are not 
observable. 

The commentator regards the negative which is expressed in the lat- 
ter half of this verse as also implied in the former, the meaning being 
that an obscuration of the moon's disk extending over only the twelfth 
part of it does not make itself apparent. We have preferred the inter- 
pretation given above, as being better accordant both with the plain and 
simple construction of the text and with fact 

14. At the extremities of the latitudes make three points, of 
corresponding names ; then, between that of the contact and 
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that of the middle, and likewise between that of the separation 
and that of the middle, 

15. Describe two fish-figures (maisya) : from the middle of 
these having drawn out two lines projecting through the mouth 
and tail, wherever their intersection takes place, 

16. There, with a line touching the three points, describe an 
arc : that is called the path of the eclipsing body, upon which 
the latter will move forward. 

The deflection and the latitude of three points in the continuance of 
the eclipse having been determined and laid down upon the projection, 
it is deemed unnecessary to take the same trouble with regard to any 
other points, these three being sufficient to determine the path of the 
eclipsing body : accordingly, an arc of a circle is drawn through them, 
and is regarded as representing that path. The method of describing 
the arc is the same with that which has already been more than once 
employed (see above, iii. 1-4, 41-42) : it is explained here with some- 
what more fullness than before. Thus, in the figure, I, I", and I' are the 
three extremities of the moon's latitude, at the moments of contact, 
opposition, and separation, respectively : we join I 1", I" I', and upon 
these lines describe fish-figures (see note to iii. 1-5) ; their two extremi- 
ties ("mouth" and "tail") are indicated by the intersecting dotted lines 
in the figure : then, at the point, not included in the figure, where the 
lines drawn through them meet one another, is the centre of a circle 
passing through I, I", and I'. 

17. From half the sum of the eclipsed and eclipsing bodies 
subtract the amount of obscuration, as calculated for any given 
time : take a little stick equal to the remainder, in digits, and, 
from the central point, 

18. Lay it off toward the path upon either side — when the 
time is before that of greatest obscuration, toward the side of 
contact ; when the obscuration is decreasing, in the direction of 
separation — and where the stick and the path of the eclipsing 
body 

19. Meet one another, from that point describe a circle with a 
radius equal to half the eclipsing body : whatever of the eclipsed 
body is included within it, that point out as swallowed up by 
the darkness (tamas). 

20. Take a little stick equal to half the difference of the 
measures (mdna), and lay it off in the direction of contact, calling 
it the stick of immersion (nimilana) : where it touches the path, 

21. From that point, with a radius equal to half the eclipsing 
body, draw a circle, as in the former case : where this meets the 
circle of the eclipsed body, there immersion takes place. 

22. So also for the emergence (unmilana), lay it off in the 
direction of separation, and describe a circle, as before : it will 
show the point of emergence in the manner explained. 
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The method of these processes is so clear as to call for no detailed 
explanation. The centre of the eclipsing body being supposed to be 
always in the arc 1 1" I', drawn as directed in the last passage, we have 
only to fix a point in this arc which shall be at a distance from M cor- 
responding to the calculated distance of the centres at the given time, 
and from that point to describe a circle of the dimensions of the eclipsed 
body, and the result will be a representation of the then phase of the 
eclipse. If the point thus fixed be distant from M by the difference of 
the two semi-diameters, as Mi', Me', the circles described will touch the 
disk of the eclipsed body at the points of immersion and emergence, 
i and e. 

23. The part obscured, when less than half, will be dusky 
(sadhumra) ; when more than half, it will be black ; when emerg- 
ing, it is dark copper-color (krshnatdmra) ; when the obscuration 
is total, it is tawny (kapila). 

The commentary adds the important circumstance, omitted in the 
text, that the moon alone is here spoken of; no specification being 
added with reference to the sun, because, in a solar eclipse, the part 
obscured is always black. 

A more suitable place might have been found for this verse in the, 
fourth chapter, as it has nothing to do with the projection of an eclipse. 

24. This mystery of the gods is not to be imparted indiscrim- 
inately : it is to be made known to the well-tried pupil, who 
remains a year under instruction. 

The commentary understands by this mystery, which is to be kept 
with so jealous care, the knowledge of the subject of this chapter, the 
delineation of an eclipse, and not the general subject of eclipses, as 
treated in the past three chapters. It seems a little curious to find a 
matter of so subordinate consequence heralded so pompously in the 
first verse of the chapter, and guarded so cautiously at its close. 



CHAPTER VII. 

OF PLANETARY CONJUNCTIONS. 

Contents : — 1, general classification of planetary conjunctions ; 2~6, method of de- 
termining at what point on the ecliptic, and at what time, two planets will come 
to have the same longitude; 7-10, how to find the point on the ecliptic to which 
a planet, having latitude, will be referred by a circle passing through the north 
and south points of the horizon ; 11, when a planet must be so referred; 12, how 
to ascertain the interval between two planets when in conjunction upon such a 
north and south line; 13-14, dimensions of the lesser planets; 15-18, modes of 
eadiibiting the coincidence between the calculated and actual places of the planets ; 
18-20, definition of different kinds of conjunction ; 20-21, when a planet, in con- 
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junction, is vanquished or victor; 22, farther definition of different kinds of con- 
junction; 23, usual prevalence of Venus in a conjunction ; 23, planetary conjunc- 
tions -with the moon; 24, conjunctions apparent only; why calculated. 

1. Of the star-planets there take place, with one another, 
encounter (yuddha) and conjunction {samdgama) ; with the moon, 
conjunction (samdgama) ; with the sun, heliacal setting (astamana). 

The "star-planets" (tdrdgraha) are, of course, the five lesser planets, 
exclusive of the sun and moon. Their conjunctions with one another 
and with the moon, with the asterisms (naJcshaira), and with the sun, 
are the subjects of this and the two following chapters. 

For the general idea of " conjunction" various terms are indifferently 
employed in this chapter, as samagama, " coming together", samyoga, 
" conjunction," yoga, "junction" (in viii. 14, also, melaka, " meeting") : 
the word yuti, " union," which is constantly used in the same sense by 
the commentary, and which enters into the title of the chapter, graha- 
yutyadhikara, does not occur anywhere in the text. The word which 
we translate " encounter," yuddha, means literally " war, conflict." 
Verses 18-20, and verse 22, below, give distinctive definitions of some 
of the different kinds of encounter and conjunction. 

2. When the longitude of the swift-moving planet is greater 
than that of the slow one, the conjunction (samyoga) is past ; oth- 
erwise, it is to come : this is the case when the two are moving 
eastward ; if, however, they are retrograding (vahrin), the con- 
trary is true. 

3. When the longitude of the one moving eastward is greater, 
the conjunction {samdgama) is past ; but when that of the one 
that is retrograding is greater, it is to come. Multiply the dis- 
tance in longitude of the planets, in minutes, by the minutes of 
daily motion of each, 

4. And divide the products by the difference of daily motions, 
if both are moving with direct, or both with retrograde, motion : 
if one is retrograding, divide by the sum of daily motions. 

5. The quotient, in minutes, etc., is to be subtracted when the 
conjunction is past, and added when it is to come: if the two are 
retrograding, the contrary : if one is retrograding, the quotients 
are additive and subtractive respectively. 

6. Thus the two planets, situated in the zodiac, are made to be 
of equal longitude, to minutes. Divide in like manner the dis- 
tance in longitude, and a quotient is obtained which is the time, 
in days, etc. 

The object of this process is to determine where and when the two 
planets of which it is desired to calculate the conjunction will have the 
same longitude. The directions given in the text are in the main so 
clear as hardly to require explication. The longitude and the rate of 
motion of the two planets in question is supposed to have been found for 
some time not far removed from that of their conjunction. Then, in 
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determining whether the conjunction is past or to come, and at what dis- 
tance, in arc and in time, three separate cases require to be taken into 
account — when both are advancing, when both are retrograding, and 
when one is advancing and the other retrograding. In the two former 
cases, the planets are approaching or receding from one another by the 
difference of their daily motions ; in the latter, by the sum of their daily 
motions. The point of conjunction will be found by the following pro- 
portion : as the daily rate at which the two are approaching or receding 
from each other is to their distance in longitude, so is the daily motion 
of each one to the distance which it will have to move before, or which 
it has moved since, the conjunction in longitude. The time, again, 
elapsed or to elapse between the given moment and that of the conjunc- 
tion, will be found by dividing the distance in longitude by the same divi- 
sor as was used in the other part of the process, namely the daily rate 
of approach or separation of the two planets. 

The only other matter which seems to call for more special explana- 
tion than is to be found in the text is, at what moment the process of 
calculation, as thus conducted, shall commence. If a time be fixed 
upon which is too far removed — as, for instance, by an interval of sev- 
eral days — from the moment of actual conjunction, the rate of motion 
of the two planets will be liable to change in the mean time so much as 
altogether to vitiate the correctness of the calculation. It is probable 
that, as in the calculation of an eclipse (see above, note to iv. 1-8), we are 
supposed, before entering upon the particular process which is the sub- 
ject of this passage, to have ascertained, by previous tentative calcula- 
tions, the midnight next preceding or following the conjunction, and to 
have determined for that time the longitudes and rates of motion of the 
two planets. If so, the operation will give, without farther repetition, 
results having the desired degree of accuracy. The commentary, it may 
be remarked, gives us no light upon this point, as it gave us none in the 
case of the eclipse. 

We have not, however, thus ascertained the time and place of the 
conjunction. This, to the Hindu apprehension, takes place, not when 
the two planets are upon the same secondary to the ecliptic, but when 
they are upon the same secondary to the prime vertical, or upon the 
same circle passing through the north and south points of the horizon. 
Upon such a circle two stars rise and set simultaneously ; upon such a 
one they together pass the meridian : such a line, then, determines 
approximately their relative height above the horizon, each upon its own 
circle of daily revolution. "We have also seen above, when considering 
the deflection (valana — see iv. 24-25), that a secondary to the prime ver- 
tical is regarded as determining the north and south directions upon the 
starry concave. To ascertain what will be the place of each planet upon 
the ecliptic when referred to it by such a circle is the object of the fol- 
lowing processes. 

7. Having calculated the measure of the day and night, and 
likewise the latitude (vilcshepa), in minutes ; having determined 
the meridian-distance (nata) and altitude (unnata), in time, accord- 
ing to the corresponding orient ecliptic-point (lagna) — 
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8. Multiply the latitude by the equinoctial shadow, and divide 
by twelve ; the quotient multiply by the meridian-distance in 
nSdis, and divide by the corresponding half-day : 

9. The result, when latitude is north, is subtractive in the 
eastern hemisphere, and additive in the western ; when latitude 
is south, on the other hand, it is additive in the eastern hemi- 
sphere, and likewise subtractive in the western. 

10. Multiply the minutes of latitude by the degrees of declin- 
ation of the position of the planet increased by three signs : the 
result, in seconds (vikald), is additive or subtractive, according as 
declination and latitude are of unlike or like direction. 

11. In calculating the conjunction (yoga) of a planet and an 
asterism (nakshatra), in determining the setting and rising of a 
planet, and in finding the elevation of the moon's cusps, this ope- 
ration for apparent longitude {drkkarman) is first prescribed. 

12. Calculate again the longitudes of the two planets for the 
determined time, and from these their latitudes : when the latter 
are of the same direction, take their difference ; otherwise, their 
sum : the result is the interval of the planets. 

The whole operation for determining the point on the ecliptic to 
which a planet, having a given latitude, will be referred by a secondary 
to the prime vertical, is called its drkkarman. Both parts of this com- 
pound we have had before — the latter, signifying " operation, process of 
calculation," in ii. 37, 42, etc. — for the former, see the notes to iii. 28- 
34, and v. 5-6 : here we are to understand it as signifying the "appar- 
ent longitude" of a planet, when referred to the ecliptic in the manner 
stated, as distinguished from its true or actual longitude, reckoned in the 
usual way: we accordingly translate the whole term, as in verse 11, 
" operation for apparent longitude." The operation, like the somewhat 
analogous one by which the ecliptic-deflection (valana) is determined 
(see above, iv. 24-25), consists of two separate processes, which receive 
in the commentary distinct names, corresponding with those applied to 
the two parts of the process for calculating the deflection. The whole 
subject may be illustrated by reference to the next figure (Fig. 28). This 
represents the projection of a part of the sphere upon a horizontal plane, 
N and E being the north and east points of the horizon, and Z the 
zenith. Let C L be the position of the ecliptic at the moment of con- 
junction in longitude, C being the orient ecliptic-point (lagna) ; and let 
M be the point at which the conjunction in longitude of the two planets 
S and V, each upon its parallel of celestial latitude, c I and c' I 1 , and hav- 
ing latitude equal to SM and VM respectively, will take place. Through 
V and S draw secondaries to the prime vertical, N V and N S, meeting 
the ecliptic in v and s : these latter are the points of apparent longitude 
of the two planets, which are still removed from a true conjunction by 
the distance v s : in order to the ascertainment of the time of that true 
conjunction, it is desired to know the positions of v and s, or their re- 
spective distances from M. From P, the pole of the equator, draw also 
circles through the two planets, meeting the ecliptic in s' and v' : then, 
vol. vi. 40 
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in order to tind M s, we ascertain the values of * *' and M s' ; and, in 
like manner, to find M v, we ascertain the values of vv' and Mv'. Now 

at the equator, or in a right 
F,c "- 28 ' sphere, the circles N S and 

P S would coincide, and 
the distance « *' disappear : 
hence, the amount of * s' 
being dependent upon the 
latitude (aksha) of the ob- 
server, N P, the process by 
which it is calculated is 
called the " operation for 
latitude" (akshadrkkarman, 
or else aksha drkkarman). 
Again, if P and P' were the 
same point, or if the eclip- 
tic and equator coincided, 
P S and 1" S would coin- 
cide, and M a' would disap- 
pear ; hence the process of 
calculation of M s' is called 
the " operation for ecliptic- 
deviation" (ayanadrkkar- 
man, or dyana drkkarman). 
The latter of the two pro- 
cesses, although stated after 
the other in the text, is the 
one first explained by the 
commentary : we will also, 
as in the case of the deflec- 
tion (note to iv. 24-25), 
give to it our first attention. 
The point s', to which the planet is referred by a circle passing through 
the pole P, is styled by the commentary ayanagraha, " the planet's lon- 
gitude as corrected for ecliptiodeviation," and the distance M «', which 
it is desired to ascertain, is called ayanakalas, "the correction, in min- 
utes, for ecliptic-deviation." Instead, however, of finding M s', the pro- 
cess taught in the text finds M t, the corresponding distance on the cir- 
cle of daily revolution, D R, of the point M — which is then assumed 
equal to M s'. The proportion upon which the rule, as stated in verse 
10, is ultimately founded, is 

R : sin M S t : : M S : M t 
the triangle M S t, which is always very small, being treated as if it 
were a plane triangle, right-angled at t. But now also, as the latitude 
M S is always a small quantity, the angle P S P' may be treated as if 
equal to PMP' (not drawn in the figure); and this angle is, as was 
shown in connection with iv. 24-25, the deflection of the ecliptic from 
the equator (&yana valana) at M, which is regarded as equal to the 
declination of the point 90° in advance of M : this point, for conven- 
fence's sake, we will call M', Our proportion becomes, then 
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R : sin decl. M' ::MS:M( 
all the quantities which it contains being in terms of minute?. To bring 
this proportion, now, to the form in which it appears in the text, it is 
made to undergo a most fantastic and unscientific series of alterations. 
The greatest declination (ii. 28) being 24°, and its sine 1397', which is 
nearly fifty-eight times twenty-four — since 58X24=1392 — it is assumed 
that fifty-eight times the number of degrees in any given arc of declina- 
tion will be equal to the number of minutes in the sine of that arc. 
Again, the value of radius, 3438', admits of being roughly divided into 
the two factors fifty-eight and sixty — since 58X60=3480. Substitut- 
ing, then, these values in the proportion as stated, we have 

58X60 : 58Xdecl. M' in degr. : : latitude in min. : M t 
Cancelling, again, the common factor in the first two terms, and trans- 
ferring the factor 60 to the fourth term, we obtain finally 

1 : decl. M' in degr. : : latitude in min. : M <X60 

that is to say, if the latitude of the planet, in minutes, be multiplied by 
the declination, in degrees, of a point 90° in advance of the planet, the 
result will be a quantity which, after being divided by sixty, or reduced 
from seconds to minutes, is to be accepted as the required interval on 
the ecliptic between the real place of the planet and the point to which 
it is referred by a secondary to the equator. 

This explanation of the rule is the one given by the commentator, 
nor are we able to see that it admits of any other. The reduction of 
the original proportion to its final form is a process to which we have 
heretofore found no parallel, and which appears equally absurd and 
uncalled for. That M t is taken as equivalent to M. a' has, as will appear 
from a consideration of the next process, a certain propriety. 

The value of the arc M s' being thus found, the question arises, in 
which direction it shall be measured from M. This depends upon the 
position of M with reference to the solstitial colure. At the colure, the 
lines PS and P'S coincide, so that, whatever be the latitude of a planet, 
it will, by a secondary to the equator, be referred to the ecliptic at its 
true point of longitude. From the winter solstice onward to the summer 
solstice, or when the point M is upon the sun's northward path (uttara- 
yana) y a planet having north latitude will be referred backward on the 
ecliptic by a circle from the pole, and a planet having south latitude will 
be referred forward. If M, on the other hand, be upon the sun's south- 
ward path (dakshin&yana), a planet having north latitude at that point 
will be referred forward, and one having south latitude backward : this 
is the case illustrated by the figure. The statement of the text virtually 
agrees with this, it being evident that, when M is on the northward 
path, the declination of the point 90* in advance of it will be north ; and 
the contrary. 

We come now to consider the other part of the operation, or the 
aksha, drkkarman, which forms the subject of verses 7-9. As the first 
step, we are directed to ascertain the day and the night respectively of 
the point of the ecliptic at which the two planets are in conjunction in 
longitude, for the purpose of determining also its distance in time from 
the horizon and from the meridian. This is accomplished as follows. 
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Having the longitude of the point in question (M in the last figure), 
we calculate (by ii. 28) its declination, which gives us (by ii. 60) the 
radius of its diurnal circle, and (by ii. 61) its ascensional difference; 
whence, again, is derived (by ii. 62-63) the length of its day and night. 
Again, having the time of conjunction at M, we easily calculate the 
sun's longitude at the moment, and this and the time together give us 
(by iii. 46-48) the longitude of C, the orient ecliptic-point : then (by 
iii. 50) we ascertain directly the difference between the time when M rose 
and that when C rises, which is the altitude in time (unnata) of M : the 
difference between this and the half-day is the meridian-distance in time 
(nata) of the same point. If the conjunction takes place when M is 
below the horizon, or during its night, its distance from the horizon and 
from the inferior meridian is determined in like manner. 

The direct object of this part of the general process being to find the 
value of s s', we note first that that distance is evidently greatest at the 
horizon ; farther, that it disappears at the meridian, where the lines P S 
and NS coincide. If, then, it is argued, its value at the horizon can be 
ascertained, we may assume it to vary as the distance from the meridian. 
The accompanying figure (Fig. 29) will illustrate the method by which 
it is attempted to calculate s s' at the horizon. Suppose the planet S, 
Y\g, 29. being removed in latitude to the distance 

M S from M, the point of the ecliptic 
which determines its longitude, to be upon 
the horizon, and let «', as before, be the 
point to which it is referred by a circle 
from the north pole : it is desired to deter- 
mine the value of s s'. Let D K be the 
circle of diurnal revolution of the point 
M, meeting S s' in t, and the horizon in w : 
S t w may be regarded as a plane right-angled triangle, having its angles 
at S and w respectively equal to the observer's latitude and co-latitude. 
In that triangle, to find the value of t w, we should make the proportion 

cos t S w : sin t S w : : t S : t to 
Now the first of these ratios, that of the cosine to the sine of latitude, 
is (see above, iii. 11) the same with that of the gnomon to the equinoc- 
tial shadow : again, as the difference of M t and M s' was in the pre- 
ceding process neglected, so here the difference of S M and S i ; and 
finally, t w, the true result of the process, is accepted as the equivalent 
of *' s, the distance sought. The proportion then becomes 

gnom. : eq. shad. : : latitude : required dist. at horizon 
The value of the required distance at the horizon having been thus 
ascertained, its value at any given altitude is, as pointed out above, deter- 
mined by a proportion, as follows : as the planet's distance in time from 
the meridian when upon the horizon is to the value of this correction at 
the horizon, so is any given distance from the meridian (nata) to the 
value at that distance ; or 

half-day : mer.-dist. in time : : result of last proportion : required distance 
The direction in which the distance thus found is to be reckoned, start- 
ing in each case from the ayana graha, or place of the planet on the 
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ecliptic as determined by a secondary to the equator, which was ascer- 
tained by the preceding process, is evidently as the text states it in verse 
9. In the eastern hemisphere, which is the case illustrated by the figure, 
s' * is additive to the longitude of *', while v' v is subtractive from the 
longitude of v' : in the western hemisphere, the contrary would be the 
case. The final result thus arrived at is the longitude of the two points 
s and v, to which S and V are referred by the circles N S and N V, 
drawn through them from the north and south points of the horizon. 

The many inaccuracies involved in these calculations are too palpable 
to require pointing out in detail. The whole operation is a roughly 
approximative one, of which the errors are kept within limits, and the 
result rendered sufficiently correct, only by the general minuteness of 
the quantity entering into it as its main element — namely, the latitude 
of a planet — and by the absence of any severe practical test of its accu- 
racy. It may be remarked that the commentary is well aware of, and 
points out, most of the errors of the processes, excusing them by its 
stereotyped plea of their insignificance, and the merciful disposition of 
the divine author of the treatise. 

Having thus obtained s and v, the apparent longitudes of the two 
planets at the time when their true longitude is M, the question arises, 
how we shall determine the time of apparent conjunction. Upon this 
point the text gives us no light at all : according to the commentary, we 
are to repeat the process prescribed in verses 2-6 above, determining, 
from a consideration of the rate and direction of motion of the planets 
in connection with their new places, whether the conjunction sought for 
is past or to come, and then ascertaining, by dividing the distance v s 
by their daily rate of approach or recession, the time of the conjunction. 
It is evident, however, that one of the elements of the process of correc- 
tion for latitude (ahihadrkkarman), namely the meridian-distance, is 
changing so rapidly, as compared with the slow motion of the planets in 
their orbits, that such a process could not yield results at all approaching 
to accuracy : it also appears that two slow-moving planets might have 
more than one, and even several apparent conjunctions on successive 
days, at different times in the day, being found to stand together upon 
the same secondary to the prime vertical at different altitudes. We 
do not see how this difficulty is met by anything in the text or in 
the commentary. The text, assuming the moment of apparent conjunc- 
tion to have been, by whatever method, already determined, goes on to 
direct us, in verse 12, to calculate anew, for that moment, the latitudes 
of the two planets, in order to obtain their distance from one another. 
Here, again, is a slight inaccuracy: the interval between the two, meas- 
ured upon a secondary to the prime vertical, is not precisely equal to 
the sum or difference of their latitudes, which are measured upon second- 
aries to the ecliptic. The ascertainment of this interval is necessary, in 
order to determine the name and character of the conjunction, as will 
appear farther on (vv. 18-20, 22). 

The cases mentioned in verse 11, in which, as well as in calculating 
the conjunctions of two planets with one another, this operation for 
apparent longitude (drkkarman) needs to be performed, are the subjects 
of the three following chapters. 
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13. The diameters upon the moon's orbit of Mars, Saturn, 
Mercury, and Jupiter, are declared to be thirty, increased suc- 
cessively by half the half ; that of Venus is sixty. 

14. These, divided by the sum of radius and the fourth hypoth- 
enuse, multiplied by two, and again multiplied by radius, are the 
respective corrected (sphuta) diameters : divided by fifteen, they 
are the measures (mdna) in minutes. 

We have seen above, in connection -with the calculation of eclipses 
(iv. 2-5), that the diameters of the sun, moon, and shadow had to be 
reduced, for measurement in minutes, to the moon's mean distance, at 
which fifteen yojanas make a minute of arc. Here we find the dimen- 
sions of the five lesser planets, when at their mean distances from the 
earth, stated only in the form of the portion of the moon's mean orbit 
covered by them, their absolute size being left undetermined. We add 
them below, in a tabular form, both in yojanas and as reduced to min- 
utes, appending also the corresponding estimates of Tycho Brahe (which 
we take from Delambre), and the true apparent diameters of the plan- 
ets, as seen from the earth at their greatest and least distances. 

Apparent Diameters of the Planets, according to the Surya-Siddhanta, 
to Tycho Brahe, and to Modern Science. 



Planet. 


Surya-Siddhanta : 


Tycho 


Modems : 




in yojanas. 


in arc. 


Brahe. 


least. greatest. 


Mars, 


3o 


2' 


i' 4o" 


4" 


37" 


Saturn, 


37} 


i' 3o" 


i' 5o" 


i5" 


ii" 


Mercury, 


45 


3' 


1< 10" 


4" 


\i" 


Jupiter, 


5^ 


3' 3o" 


a' 45" 


3o" 


49" 


Venus, 


6o 


4' 


3' i5" 


9" 


1' 14" 



This table shows how greatly exaggerated are wont to be any deter- 
minations of the magnitude of the planetary orbs made by the unas- 
sisted eye alone. This effect is due to the well-known phenomenon of 
the irradiation, which increases the apparent size of a brilliant body 
when seen at some distance. It will be noticed that the Hindu esti- 
mates do not greatly exceed those of Tycho, the most noted and accu- 
rate of astronomical observers prior to the invention of the telescope. 
In respect to order of magnitude they entirely agree, and both accord 
with the relative apparent size of the planets, except that to Mercury 
and Venus, whose proportional brilliancy, from their nearness to the 
sun, is greater, is assigned too high a rank. Tycho also established a 
scale of apparent diameters for the fixed stars, varying from 2', for the 
first magnitude, down to 20", for the sixth. We do not find that 
Ptolemy made any similar estimates, either for planets or for fixed stars. 

The Hindus, however, push their empiricism one step farther, gravely 
laying down a rule by which, from these mean values, the true values 
of the apparent diameters at any given time may be found. The funda- 
mental proportion is, of course, 

true dist. : mean dist. : : mean app. diam. : true app. diam. 
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The second term of this proportion is represented by radius : for the 
first we have, according to the translation given, one half the sum of 
radius and the fourth hypothenuse, by which is meant the " variable 
hypothenuse" (cala karna) found in the course of the fourth, or last, 
process for finding the true place of the planet (see above, ii. 43-45). 
The term, however (tricatvhkarna), which is translated " radius and the 
fourth hypothenuse" is much more naturally rendered "third and fourth 
hypothenuses"', and the latter interpretation is also mentioned by the 
commentator as one handed down by tradition (sampradayika) : but, 
he adds, owing to the fact that the length of the hypothenuse is not 
calculated in the third process, that for finding finally the equation of 
the centre (mandukarman), and that that hypothenuse cannot therefore 
be referred to here as known, modern interpreters understand the first 
member of the compound (tri) as an abbreviation for " radius" (trijyti), 
and translate it accordingly. We must confess that the other interpre- 
tation seems to us to be powerfully supported by both the letter of the 
text and the reason of the matter. The substitution of tri for lrijy& in 
such a connection is quite too violent to be borne, nor do we see why 
half the sum of radius and the fourth hypothenuse should be taken as 
representing the planet's true distance, rather than the fourth hypothe- 
nuse alone, which was employed (see above, ii. 56-58) in calculating the 
latitude of the planets. On the other hand, there is reason for adopt- 
ing, as the relative value of a planet's true distance, the average, or half 
the sum, of the third hypothenuse, or the planet's distance as affected 
by the eccentricity of its orbit, and the fourth, or its distance as affected 
by the motion of the earth in her orbit. There seems to us good 
reason, therefore, to suspect that verse 14 — and with it, probably, also 
verse 13 — is an intrusion into the Surya-Siddhanta from some other sys- 
tem, which did not make the grossly erroneous assumption, pointed out 
under ii. 39, of the equality of the sine of anomaly in the epicycle 
(bhujajydphala) with the sine of the equation, but in which the hypoth- 
enuse and the sine of the equation were duly calculated in the process 
for finding the equation of the apsis (mandakarman), as well as in that 
for finding the equation of the conjunction (pighrakarman). 

15. Exhibit, upon the shadow-ground, the planet at the ex- 
tremity of its shadow reversed : it is viewed at the apex of the 
gnomon in its mirror. 

As a practical test of the accuracy of his calculations, or as a con- 
vincing proof to the pupil or other person of his knowledge and skill, 
the teacher is here directed to set up a gnomon upon ground properly 
prepared for exhibiting the shadow, and to calculate and lay off from the 
base of the gnomon, but in the opposite to the true direction, the shad- 
ow which a planet would cast at a given time ; upon placing, then, a 
horizontal mirror at the extremity of the shadow, the reflected image of 
the planet's disk will be seen in it at the given time by an eye placed at 
the apex of the gnomon. The principle of the experiment is clearly 
correct, and the rules and processes taught in the second and third chap- 
ters afford the means of carrying it out, since from them the shadow 
which any star would cast, had it light enough, may be as readily deter- 
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rnined as that which the sun actually casts. As no case of precisely this 
character has hitherto been presented, we will briefly indicate the course 
of the calculation. The day and night of the planet, and its distance 
from the meridian, or its hour-angle, are found in the same manner as in 
the process previously explained (p. 312, above), excepting that here the 
planet's latitude, and its declination as affected by latitude, must be cal- 
culated, by ii. 56-58 ; and then the hour-angle and the ascensional differ- 
ence, by iii. 34-36, give the length of the shadow at the given time, 
together with that of its hypothenuse. The question would next be in 
what direction to lay off the shadow from the base of the gnomon. 
This is accomplished by means of the base (bkvja) of the shadow, or its 
value when projected on a north and south line. From the declination 
is found, by iii. 20-22, the length of the noon-shadow and its hypothe- 
nuse, and from the latter, with the declination, comes, by iii. 22-23, the 
measure of amplitude (affrti) of the given shadow ; whence, by iii. 23- 
25, is derived its base. Having thus both its length and the distance 
of its extremity from an east and west line running through the base of 
the gnomon, we lay it off without difficulty. 

16. Take two gnomons, five cubits (hasta) in height, stationed 
according to the variation of direction, separated by the inter- 
val of the two planets, and buried at the base one cubit. 

17. Then fix the two hypothenuses of the shadow, passing 
from the extremity of the shadow through the apex of each 
gnomon : and, to a person situated at the point of union of the. 
extremities of the shadow and hypothenuse, exhibit 

18. The two planets in the sky, situated at the apex each of 
its own gnomon, and arrived at a coincidence of observed place 
(drc) 

This is a proceeding of much the same character with that which 
forms the subject of the preceding passage. In order to make appre- 
hensible, by observation, the conjunction of two planets, as calculated by 
the methods of this chapter, two gnomons, of about the height of a 
man, are set up. At what distance and direction from one another they 
are to be fixed is not clearly shown. The commentator interprets the 
expression "interval of the two planets" (v. 16), to mean their distance in 
minutes on the secondary to the prime vertical, as ascertained according 
to verse 12, above, reduced to digits by the method taught in iv. 26; 
while, by " according to the variation of direction," he would understand 
merely, in the direction from the observer of the hemisphere in which the . 
planets at the moment of conjunction are situated. The latter phrase, 
however, as thus explained, seems utterly nugatory ; nor do we see of 
what use it would be to make the north and south interval of the bases of 
the gnomons, in digits, correspond with that of the planets in minutes. 
We do not think it would be difficult to understand the directions given 
in the text as meaning, in effect, that the two gnomons should be so sta- 
tioned as to cast their shadows to the same point : it would be easy to 
do this, since, at the time in question, the extremities of two shadows 
cast from one gnomon by the two stars would be in the same north and 
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south line, and it would only be necessary to set the second gnomon as 
far south of the first as the end of the shadow cast by the southern star 
was north of that cast by the other. Then, if a hole were sunk in the 
ground at the point of intersection of the two shadows, and ii person 
enabled to place his eye there, he would, at the proper moment, see both 
the planets with the same glance, and each at the apex of its own gnomon. 

In the eighteenth verse also we have ventured to disregard the author- 
ity of the commentator ; he translates the words drktuh/at&m itas 
"come within the sphere of sight," while we understand by drklulyata, 
as in other cases (ii. 14, iii. 11), the coincidence between observed and 
computed position. 

Such passages as this and the preceding are not without interest and 
value, as exhibiting the rudeness of the Hindu methods of observation, 
and also as showing the unimportant and merely illustrative part which 
observation was meant to play in their developed system of astronomy* 

18. . . . When there is contact of the stars, it is styled " de* 
piction" (ullelcha) ; when there is separation, " division" (bhedd) ; 

19. An encounter {yuddha) is called " ray-obliteration'' (ancu- 
vimarda) when there is mutual mingling of rays: when the inter- 
val is less than a degree, the encounter is named "dexter" (apa- 
savya) — if, in this case, one be faint (anu). 

20. If the interval be more than a degree, it is "conjunction" 
(samdgama), if both are endued with power (bald). One that is 
vanquished (jita) in a dexter encounter (apasavya yuddha), one 
that is covered, faint (anu), destitute of brilliancy, 

21. One that is rough, colorless, struck down (vidhvasta), situ- 
ated to the south, is utterly vanquished (vijita). One situated to 
the north, having brilliancy, large, is victor (jayiri) — and even in 
the south, if powerful (balin). 

22. Even when closely approached, if both are brilliant, it is 
"conjunction" (samdgama) : if the two are very small, and struck 
down, it is "front" (Jcuta) and "conflict" (vigraha), respectively. 

23. Venus is generally victor, whether situated to the north or 
to the south. . . . 

In this passage, as later in a whole chapter (chap, xi), we quit the 
proper domain of astronomy, and trench upon that of astrology. How- 
ever intimately connected the two sciences may be in practice, they are, 
in general, kept distinct in treatment — the Siddhantas, or astronomical 
text-books, furnishing, as in the present instance, only the scientific basis, 
the data and methods of calculation of the positions of the heavenly 
bodies, their eclipses, conjunctions, risings and settings, and the like, 
while the Sanhitas, Jatakas, Tajikas, etc., the astrological treatises, make 
the superstitious applications of the science to the explanation of the 
planetary influences, and their determination of human fates. Thus the 
celebrated astronomer, Varaha-mihira, besides his astronomies, com- 
posed separate astrological works, which are still extant, while the for- 
mer have become lost. It is by no means impossible that these verses 
may be an interpolation into the original text of the Surya-Siddhanta. 
They form only a disconnected fragment : it is not to be supposed that 
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thoy contain a complete statement and definition of all the different 
kinds of conjunction recognized and distinguished by technical appella- 
tions ; nor do they fully set forth the circumstances which determine the 
result of a hostile " encounter" between two planets : while a detailed 
explanation of some of the distinctions indicated — as, for instance, when 
a planet is "powerful" or the contrary — could not be given without enter- 
ing quite deeply into the subject of the Hindu astrology. This we do 
not regard ourselves as called upon to do here : indeed, it would not be 
possible to accomplish it satisfactorily without aid from original sources 
which are not accessible to us. We shall content ourselves with follow- 
ing the example of the commentator, who explains simply the sense and 
connection of the verses, as given in our translation, citing one or two 
parallel passages from works of kindred subject. We would only point 
out farther that it has been shown in the most satisfactory manner (as by 
Whish, in Trans. Lit. Soc. Madras, 1827; Weber, in his Indische Studien, 
ii. 236 etc.) that the older Hindu science of astrology, as represented by 
Varaha-mihira and others, reposes entirely upon the Greek, as its later 
forms depend also, in part, upon the Arab ; the latter connection being 
indicated even in the common title of the more modem treatises, tajika, 
which comes from the Persian t&zi, "Arab." Weber gives (Ind. Stud, 
ii. 277 etc.) a translation of a passage from Varaha-mihira's lesser treat- 
ise, which states in part the circumstances determining the "power" of a 
planet in different situations, absolute or relative : partial explanations 
upon the same subject furnished to the translator in India by his native 
assistant, agree with these, and both accord closely with the teachings 
of the Tetrabiblos, the astrological work attributed to Ptolemy. 

23. . . . Perform in like manner the calculation of the con- 
junction (samyoga) of the planets with the moon. 

This is all that the treatise says respecting the conjunction of the 
moon with the lesser planets : of the phenomenon, sometimes so striking, 
of the occultation of the latter by the former, it takes no especial notice. 
The commentator cites an additional half-verse as sometimes included in 
the chapter, to the effect that, in calculating a conjunction, the moon's 
latitude is to be reckoned as corrected by her parallax in latitude [ava- 
nati), but rejects it, as making the chapter over-full, and as being super- 
fluous, since the nature of the case determines the application here of 
the general rules for parallax presented in the fifth chapter. Of any 
parallax of the planets themselves nothing is said : of course, to calcu- 
late the moon's parallax by the methods as already given is, in effect, to 
attribute to them all a horizontal parallax of the same value with that 
assigned to the sun, or about 4'. 

The final verse of the chapter is a caveat against the supposition that, 
when a " conjunction" of two planets is spoken of, anything more is 
meant than that they appear to approach one another ; while neverthe- 
less, tins apparent approach requires to be treated of, on account of its 
influence upon human fates. 

24. Unto the good and evil fortune of men is this system set 
forth : the planets move on upon their own paths, approaching 
one another at a distance. 
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CHAPTER VIII. 



OF THE ASTEEISMS. 

Contents : — 1-9, positions of the asterisms ; 1 0-1 2, of certain fixed stars ; 1 2, direc- 
tion to test by observation the accuracy of these positions; 13, splitting of 
Eohini's wain ; 14-15, how to determine the conjunction of a planet with an 
asterism ; 16-19, which is the junction-star in each asterisra ; 20-21, positions of 
other fixed stars. 

1. Now are set forth the positions of the asterisms (bha), in 
minutes. If the share of each one, then, be multiplied by ten, 
and increased by the minutes in the portions (bhoga) of the past 
asterisms (dhtshnya), the result will be the polar longitudes 
(dhruva). 

The proper title of this chapter is nakshatragrahayutyadhikara, " chap- 
ter of the conjunction of asterisms and planets," but the subject of con- 
junction occupies but a small space in it, being limited to a direction 
(vv. 14-15) to apply, with the necessary modifications, the methods 
taught in the preceding chapter. The chapter is mainly occupied with 
such a definition of the positions of the asterisms — to which are added 
also those of a few of the more prominent among the fixed stars — as is 
necessary in order to render their conjunctions capable of being calculated. 
Before proceeding to give the passage which states the positions of 
the asterisms, we will explain the manner in which these are defined. In 
the accompanying figure (Fig. 30), let E L represent the equator, and C 

L the ecliptic, P and P' being their respec- 
tive poles. Let S be the position of any 
given star, and through it draw the circle 
of declination P S a. Then a is the point 
on the ecliptic of which the distance from 
the first of Aries and from the star respec- 
tively are here given as its longitude and 
latitude. So far as the latitude is con- 
cerned, this is not unaccordant with the 
usage of the treatise hitherto. Latitude 
(vikshepa, "disjection") is the amount by 
which any body is removed from the 
declination which it ought to have — that 
is, from the point of the ecliptic which it 
ought to occupy — declination (kranii, apa- 
krama) being always, according to the 
Hindu understanding of the term, in the 
ecliptic itself. In the case of a planet, 
whose proper path is in the ecliptic, the 
point of that circle which it ought to occu- 
py is determined by its calculated longi- 
tude : in the case of a fixed star, whose only motion is about the pole of 
the heavens, its point of declination is that to which it is referred by a 
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circle through that pole. Thus, in the figure, the declination (kr&nti) of 
S -would be c o, or the distance of a from the equator at c : its latitude 
{vikshepa) is a S, or its distance from o. We have, accordingly, the 
same term used here as before, To designate the position in longitude 
of o, on the other hand, we have a new term, dhruva, or, as below, (vv. 
12, 15), dhruvaka. This comes from the adjective dhruva, "fixed, im- 
movable," by which the poles of the heaven (see below, xii. 43) are desig- 
nated ; and, if we do not mistake its application, it indicates, as here 
employed, the longitude of a star as referred to the ecliptic by a circle 
from the pole. We venture, then, to translate it by " polar longitude," 
as we also render vikshepa, in this connection, by " polar latitude," it 
being desirable to have for these quantities distinctive names, akin 
with one another. Colebrooke employs " apparent longitude and lati- 
tude," which are objectionable, as being more properly applied to the 
results of the process taught in the last chapter (vv. 7-10). 

The mode of statement of the polar longitudes is highly artificial and 
arbitrary : a number is mentioned which, when multiplied by ten, will 
give the position of each asterism, in minutes, in its own " portion" 
{bhoga), or arc of 13° 20' in the ecliptic (see ii. 64). 

This passage presents a name for the asterisms, dhishtpya, which has 
not occurred before ; it is found once more below, in xi. 21, 

2. Forty-eight, forty, sixty-five, fifty-seven, fifty-eight, four, 
seventy-eight, seventy-six, fourteen, 

3. Fifty-four, sixty-four, fifty, sixty, forty, seventy-four, sev- 
gntyreight, sixty-four. 

4. Fourteen, six, four : Uttara-Ash&dha, (vdigva) is at the 
middle of the portion (bhoga) of Purva-Ashadha* {dpya) ; Abhi- 
jit, likewise, is at the end of Purva- AshMha ; the position of 
Qravana is at the end of Uttara-AshMhS ; 

5. QravishthS, OQ tae other hand, is at the point of connec- 
tion of the third and fourth quarters (pada) of Qravana . then, 
in their own portions, eighty, thirty-six, twenty-two, 

6. Seyenty-nine. Now their respective latitudes, reckoned 
from the point of declination (apakrama) of each ; ten, twelve, 
five, north ; south, five, ten, nine ; 

7. North, six ; nothing ; south, seven ; north, nothing, twelve, 
thirteen ; south, eleven, two ; then thirty-seven, north ; 

8. South, one and a half, three, four, nine, five and a half, five ; 
north, also, sixty, thirty, and also thirty-six ; . 

.9. South, half a degree; twenty-four, north, twenty-six degrees; 
nothing — for Aijvinf (dasra), etc., in succession. 

The text here assumes that the names of the asterisms, and the order 
of their succession, are so familiarly known as to render it unnecessary 
to rehearse them. It has been already noticed (see above, i. 48-51, 55, 
56-58, etc.) that a similar assumption was made as regards the names 
and succession of the months, signs of the zodiac, years of Jupiter's 
cycle, and the like. Many pf the asterisms have more than one appel- 
lation : we present in the annexed table those by which they are more 
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generally and familiarly known ; the others will be stated farther on. 
Nearly all these titles are to be found in our text, occurring here and 
there; a few of the asterisms, however, (the 5th, 6th, 9th, and lVth), 
are mentioned only by appellations derived from the names of the dei- 
ties to whom they are regarded as belonging, and one (the 25th) chances 
not to be once distinctively spoken of. We append to the names, in a 
tabular form, the data presented in this passage ; namely, the position 
of each asterism (nakshatra) in the arc of the ecliptic to which it gives 
name, and which is styled its "portion" {bhoga), the resulting polar lon- 
gitudes, and the polar latitudes. And since it is probable (see note to 
the latter half of v. 12, below) that the latter were actually derived by 
calculation from true declinations and right ascensions, ascertained by 
observation, we have endeavored to restore those more original data by 
calculating them back again, according to the data and methods of this 
Siddhanta — the declinations by ii. 28, the right ascensions by iii. 44-48 
— and we insert our results in the table, rejecting odd minutes less than 
ten. 

Positions of the Junction- Stars of the Asterisms. 



No. 


Name. 


Position 

in its 
Portion. 


Polar 
Longitude. 


Polar 
Latitude. 


Right 
Ascension 


True 
Declination. 


Interval 

in 

Longitude. 


Interval 

in 
E. A. 






o / 


o 


* 





/ 


/ 


/ 





/ 


' 


I 


Acvini, 


8 o 


8 





10 


oN. 


7 3o 


l3 20 N. 


12 





II 


2 


Bharani, 


6 4o 


20 





12 


" 


18 3o 


20 " 


'7 
12 


3o 


16 5o 


3 


Krttika, 


10 5o 


37 


3o 


5 


0" 


35 20 


19 20 " 





12 


4 


RohinS, 


9 3o 


49 


3o 


5 


oS. 


47 20 


i3 " 


i3 


3o 


i3 4o 


5 


Mrgacirsha, 


9 4o 


63 





10 


b" 


6i 


II 20 " 


4 


20 


4 4o 


6 


ArdrS, 


o 4o 


67 


20 


9 


" 


65 4o 


i3 " 


25 


4o 


27 3o 

14 


7 


Punarvasu, 


i3 o 


9 3 





6 


ON. 


93 10 


3o " 


i3 





8 


Pushya, 


12 4o 


106 











107 10 


23 " 


3 





3 20 


9 


Acleshd, 


2 20 


109 





7 


OS. 


no 3o 


i5 4o " 


20 





20 4o 


10 


Magha, 


9 ° 


129 











i3i 10 


18 20 " 


i5 


§ 


1 5 


ii 
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Our calculations, it should be remarked, are founded upon the as- 
sumption that, at the time when the observations were made of which 
our text records the results, the vernal equinox coincided with the 
initial point of the Hindu sidereal sphere, or with the beginning of 
the portion of the asterism Acvin), a point 10' eastward on the ecliptic 
from the star £ Piscium : this was actually the case (see above, under i. 
27) about A. D. 560. The question how far this assumption is sup- 
ported by evidence contained in the data themselves will be considered 
later. To fill out the table, we have also added the intervals in right 
ascension and in polar longitude. 

The stars of which the text thus accurately defines the positions do 
not, in most cases, by themselves alone, constitute the asterisms (nak- 
shatra) ; they are only the principal members of the several groups of 
stars — each, in the calculation of conjunctions (yoga) between the plan- 
ets and the asterisms (see below, vv. 14-15), representing its group, and 
therefore called (see below, vv. 16-19) the "junction-star" (yogal&ra) of 
the asterism. 

It will be at once noticed that while, in a former passage (ii. 64), the 
ecliptic was divided into twenty-seven equal arcs, as portions for the aster- 
isms, we have here presented to us twenty-eight asterisms, very unequally 
distributed along the ecliptic, and at greatly varying distances from it. 
And it is a point of so much consequence, in order to the right under- 
standing of the character and history of the whole system, to apprehend 
clearly the relation of the groups of stars to the arcs allotted to them, 
that we have prepared the accompanying diagram (Fig. SI) in illustra- 
tion of that relation. The figure represents, in two parts, the circle of 
the ecliptic : along the central lines is marked its division into arcs of 
ten and five degrees : upon the outside of these lines it is farther divided 
into equal twenty-sevenths, or arcs of 13° 20', and upon the inside into 
equal twenty-eighths, or arcs of 12° 51f ; these being the portions 
(bhogo) of two systems of asterisms, twenty-seven and twenty-eight in 
number respectively. The starred lines which run across all the divisions 
mark the polar longitudes, as stated in the text, of the junction-stars of 
the asterisms. The names of the latter are set oven against them, in the 
inner columns : the names of the portions in the system of twenty-seven 
are given in full in the outer columns, and those in the system of twenty- 
eight are also placed opposite the portions, upon the inside, in an abbre- 
viated form. 

The text nowhere expressly states which one of the twenty-eight aster- 
isms which it recognizes is, in its division of the ecliptic into only twenty- 
seven portions, left without a portion. That Abhijit, the twenty-second 
of the series, is the one thus omitted, however, is clearly implied in the 
statements of the fourth and fifth verses. Those statements, which have 
caused difficulty to more than one expounder of the passage, and have 
been variously misinterpreted, are made entirely clear by supplying the 
words " asterism" and " portion" throughout, where they are to be under- 
stood, thus : " the asterism TJttara-Ashadha is at the middle of the por- 
tion styled Purva-Ashadha ; the asterism Abhijit, likewise, is at the end 
of the portion Purva-Ashadha; the position of the asterism Cravana is 
at the end of the portion receiving its name from Uttara-Ashadha ; while 
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the asterism Cravishtha, is between the third and fourth quarters of the 
portion named for Cravana." After this interruption to the regularity of 
correspondence of the two systems — the asterism Abhijit being left with^ 
out a portion, and the portion Cravishtha containing no asterism — they 
go on again harmoniously together to the close. The figure illustrates 
clearly this condition of things, and shows that, if Abhijit be left out of 
account, the two systems agree so far as this — that twenty-six asterisms 
fall within the limits of portions bearing the same name, while all the 
discordances are confined to one portion of the ecliptic, that comprising 
the 20th to the 23d portions. If, on the other hand, the ecliptic be divi- 
ded into twenty-eighths, and if these be assigned as portions to the 
twenty-eight asterisms, it is seen from the figure that the discordances 
between the two systems will be very great ; that only in twelve instan- 
ces will a portion be occupied by the asterism bearing its own name, and 
by that alone ; that in sixteen cases asterisms will be found to fall within 
the limits of portions of different name ; that four portions will be left 
without any asterism at all, while four others will contain two each. 

These discordances are enough of themselves to set the whole sub- 
ject of the asterisms in a new light. Whereas it might have seemed, 
from what we have seen of it heretofore, that the system was founded 
upon a division of the ecliptic into twenty-seven equal portions, and the 
selection of a star or a constellation to mark each portion, and to be, as 
it were, its ruler, it now appears that the series of twenty-eight aster- 
isms may be something independent of, and anterior to, any division of 
the ecliptic into equal arcs, and that the one may have been only arti- 
ficially brought into connection with the other, complete harmony 
between them being altogether impossible. And this view is fully sus- 
tained by evidence derivable from outside the Hindu science of astron- 
omy, and beyond the borders of India. The Parsis, the Arabs, and the 
Chinese, are found also to be in possession of a similar system of divi- 
sion of the heavens into twenty-eight portions, marked or separated by 
as many single stars or constellations. Of the Parsi system little or 
nothing is known excepting the number and names of the divisions, 
which are given in the second chapter of the Bundehesh (see Anquetil 
du Perron's Zendavesta, etc., ii. 349). The Arab divisions are styled 
manazil al-kamar, " lunar mansions, stations of the moon," being brought 
into special connection with the moon's revolution ; they are marked, 
like the Hindu "portions," by groups of stars. The first extended com- 
parison of the Hindu asterisms and the Arab mansions was made by Sir 
"William Jones, in the second volume of the Asiatic Researches, for 1790 : 
it was, however, only a rude and imperfect sketch, and led its author to 
no valuable or trustworthy conclusions. The same comparison was taken 
up later, with vastly more learning and acuteness, by Colebrooke, whose 
valuable article, published also in the Asiatic Researches, for 1807 (ix. 
323, etc. ; Essays ii. 321, etc.), has ever since remained the chief source 
of knowledge respecting the Hindu asterisms and their relation to the 
lunar mansions of the Arabs. To Anquetil (as above) is due the credit 
of the first suggestion of a coincidence between the Pars!, Hindu, and 
Chinese systems : but he did nothing more than suggest it : the origin, 
character, and use of the Chinese divisions were first established, and 
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their primitive identity with the Hindu asterisms demonstrated, by Biot, 
in a series of articles published in the Journal des Savants for 1840 : and 
he has more recently, in the volume of the same Journal for 1859, re- 
viewed and restated his former exposition and conclusions. These we 
shall present more fully hereafter : at present it will be enough to say 
that the Chinese divisions are equatorial, not zodiacal ; that they are 
named steu, " mansions" ; and that they are the intervals in right ascen- 
sion between certain single stars, which are also called sieu, and have the 
same title with the divisions which they introduce. We propose to pre- 
sent here a summary comparison of the Hindu, Arab, and Chinese sys- 
tems, in connection with an identification of the stars and groups of 
stars forming the Hindu asterisms, and with the statement of such 
information respecting the latter, beyond that given in our text, as will 
best contribute to a full understanding of their character. 

The identification of the asterisms is founded upon the positions of 
their principal or junction-stars, as stated in the astronomical text-books, 
upon the relative places of these stars in the groups of which they form 
a part, and upon the number of stars composing each group, and the 
figure by which their arrangement is represented : in a few cases, too, 
the names themselves of the asterisms are distinctive, and assist the iden- 
tification. The number and configuration of the stars forming the groups 
are not stated in our text ; we derive them mainly from Colebrooke, 
although ourselves also having had access to, and compared, most of his 
authorities, namely the Cakalya-Sanhita, the Muhurta-Cintamani, and 
the Ratnamala (as cited by Jones, As. Res., ii. 294). Sir William Jones, 
it may be remarked, furnishes (As. Res., ii. 293, plate) an engraved copy 
of drawings made by a native artist of the figures assigned to the aster- 
isms. For the number of stars in each group we have an additional 
authority in al-Biruni, the Arab savant of the eleventh century, who 
travelled in India, and studied with especial care the Hindu astronomy. 
The information furnished by him with regard to the asterisms we derive 
from Biot, in the Journal des Savants for 1845 (pp. 39-54) ; it professes 
to be founded upon the Khanda-Kataka* of Brahmagupta. Al-Biruni 
also gives an identification of the asterisms, so far as the Hindu astrono- 
mers of his day were able to furnish it to him, which was only in part : 
he is obliged to mark seven or eight of the series as unknown or doubt- 
ful. He speaks very slightingly of the practical acquaintance with the 
heavens possessed by the Hindus of his time, and they certainly have 
not since improved in this respect ; the modern investigators of the 
same subject, as Jones and Colebrooke, also complain of the impossi- 
bility of obtaining from the native astronomers of India satisfactory 
identifications of the asterisms and their junction-stars. The translator, 
in like manner, spent much time and effort in the attempt to derive 
such information from his native assistant, but was able to arrive at no 
results which could constitute any valuable addition to those of Cole- 
brooke. It is evident that for centuries past, as at present, the native 



* The true form of the name is not altogether certain, it being known only- 
through its Arabic transcription : it seems to designate rather a chapter in a treatise 
than a complete work of its author. 
vol. vi. 42 
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tradition has been of no decisive authority as regards the position and 
composition of the groups of stars constituting the asterisms : these 
must be determined upon the evidence of the more ancient data handed 
down in the astronomical treatises. 

In order to an exact comparison of the positions of the junction-stars 
as defined by the Hindus with those of stars contained in our cata- 
logues, we have reduced the polar longitudes and latitudes to true longi- 
tudes and latitudes, by the following formulas (see Fig. 30) : 

(l-j-cos ka) cot ELC = tan Sab 
sin Sab sin Sa = sin S6 
tan Si cot Sa6= sin ab 

A a being the polar longitude as stated in the text (= La -f- 180°), So 
the polar latitude, ELC the inclination of the ecliptic, S 6 the true lati- 
tude, and ab a quantity to be added to or subtracted from the polar lon- 
gitude to give the true longitude. The true positions of the stars com- 
pared we take from Flamsteed's Catalogus Brittanicus, subtracting in 
each case 15° 42' from the longitudes there given, in order to reduce 
them to distances from the vernal equinox of A. D. 560, assumed to 
coincide with the initial point of the Hindu sphere. There is some 
discordance among the different Hindu authorities, as regards the stated 
positions of the junction-stars of the asterisms. The Gakalya-Sanhita, 
indeed, agrees in every point precisely with the Sftrya-Siddhanta. But 
the Siddhanta'Ciromani often gives a somewhat different value to the 
polar longitude or latitude, or both. With it, so far as the longitude is 
concerned, exactly accord the Brahma-Siddhanta, as reported by Cole- 
brooke, and the Khanda-Kataka, as reported by al-Biruni. The lati- 
tudes of the Brahma-Siddhanta also are virtually the same with those of 
the Siddhanta-Ciromani, their differences never amounting, save in a 
single instance, to more than 3' : but the latitudes of the Khanda-Kataka 
often vary considerably from both. The Graha-Laghava, the only other 
authority accessible to us, presents a series of variations of its own, inde- 
pendent of those of either of the other treatises. All these differences 
are reported by us below, in treating of each separate asterism. The 
presiding divinities of the asterisms we give upon the authority of the 
Taittiriya-Sanhita (iv. 4. 10. 1-3), the Taittiriya-Brahmana (iii. 1. 1,2, as 
cited by Weber, Zeitsch. f. d. K. d. Morg., vii. 266 etc., and Ind. Stud., 
i. 90 etc.), the Muhurta-Cintamani, and Colebrooke ; those of about 
half the asterisms are also indirectly given in our text, in the form of 
appellations for the asterisms derived from them. 

The names and situations of the Arab lunar stations are taken from 
Ideler's Untersuchungen iiber die Sternnamen : for the Chinese man- 
sions and their determining stars we rely solely upon the articles of 
Biot, to which we have already referred. 

It has seemed to us advisable, notwithstanding the prior treatment by 
Colebrooke of the same subject, to enter into a cereful re-examination 
&nd identification of the Hindu asterisms, because we could not accept 
in the bulk, and without modification, the conclusions at which he arrived. 
The identifications by Ideler of the Arab mansions, more thorough and 
correct than any which had been previously made, and Blot's compari- 
son of the Chinese sieu, have placed new and valuable materials in our 
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hands : and these — together with a more exact comparison than was 
attempted by Colebrooke of the positions given by the Hindus to their 
junction-stars with the data of the modern catalogues, and a new and 
independent combination of the various materials which he himself fur- 
nishes — while they have led us to accept the greater number of his iden- 
tifications, often establishing them more confidently than he was able to 
do, have also enabled us in many cases to alter and amend his results. 
Such a re-examination was necessary, in order to furnish safe ground for 
a more detailed comparison of the three systems, which, as will be seen 
hereafter, leads. to important conclusions respecting their historical rela- 
tions to one another. 

1. Afvint ; this treatise exhibits the form afvini ; in the older lists, 
as also often elsewhere, we have the dual apvinau, agvayuj&u, " the two 
horsemen, or Acvins." The Acvins are personages in the ancient Hindu 
mythology somewhat nearly corresponding to the Castor and Pollux of 
the Greeks. They are the divinities of the asterism, which is named 
from them. The group is figured as a horse's head, doubtless in allusion 
to its presiding deities, and not from any imagined resemblance. The 
dual name leads us to expect to find it composed of two stars, and that 
is the number allotted to the asterism by the Cakalya and Khanda- 
Kataka. The Surya-Siddhanta (below, v. 16) designates the northern 
member of the group as its junction-star : that this is the star (S Arietis 
(magn. 8.2), and not « Arietis (magn. 2), as assumed by Colebrooke, is 
shown by the following comparison of positions : 

Acvinl .... long., A.D. 560, 1 1 ° 59' . . . . lat. 9 11' K. 
Arietis ... do. 1 3° 56' ... . do. 8° 28' TS. 

a Arietis ... do. 17 37' . . . . do. 9 67' K. 

Colebrooke was misled in this instance by adopting, for the number 
of stars in the asterism, three, as stated by the later authorities, and then 
applying to the group as thus composed the designation given by our 
text of the relative position of the junction-star as the northern, and he 
accordingly overlooked the very serious error in the determination of 
the longitude thence resulting. Indeed, throughout his comparison, he 
gives too great weight to the determination of latitude, and too little to 
that of longitude : we shall see farther on that the accuracy of the lat- 
ter is, upon the whole, much more to be depended upon than that of the 
former. 

Considered as a group of two stars, Ac, vini is composed of § and y 
Arietis (magn. 4.3) ; as a group of three, it comprises also am the same 
constellation. 

There is no discordance among the different authorities examined by 
lis as regards the position of the junction-star of Acvini, either in lati- 
tude or in longitude. The case is the same with the 8th, 10th, 12thj 
and 13 th asterisms, and with them alone. 

The first Arab manzil is likewise composed of (? and y Arietis, to 
which some add a : it is called ash-Sharatan, " the two tokens" — that is 
to say, of the opening year. 

The Chinese series of sieu commences, as did anciently the Hindu 
system of asterisms, with that which is later the third asterism. The 
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twenty-seventh sieu, named Leu (M. Biot has omitted to give us the 
signification of these titles), is (S Arietis, the Hindu junction-star. 

2. Bharani; also, as plural, bharanyas; from the root bhar, "carry": 
in the Taittiriya lists the form apabharant, " bearer away," in singular 
and plural, is also found. Its divinity is Yama, the ruler of the world 
of departed spirits ; it is figured as the yoni, or pudendum muliebre. 
All authorities agree in assigning it three stars, and the southernmost is 
pointed out below (v. 18) as its junction-star. The group is unquestion- 
ably to be identified with the triangle of faint stars lying north of the 
back of the Ram, or 35, 39, and 41 Arietis : they are figured by some as 
a distinct constellation, under the name of Mnsca Borealis. The desig- 
nation of the southern as the junction-star is not altogether unambigu- 
ous, as 35 and 41 were, in A. D. 560, very nearly equidistant from the 
equator ; the latter would seem more likely to be the one intended, 
since it is nearer the ecliptic, and the brightest of the group — being of 
the third magnitude, while the other two are of the fourth : the defined 
position, however, agrees better with 35, and the error in longitude, as 
compared with 41, is greater than that of any other star in the series : 

Bharani a4° 35' . . . . n° 6' N. 

35 Arietis {a Muscse) . . 26 54' . . . . u°i7'N'. 
41 Arietis (c Muses) . . 28 10' . . . . io° 26' N. 

The Graha-Laghava gives Bharani 1° more of polar longitude : this 
would reduce by the same amount the error in the determination of its 
longitude by the other authorities. 

The second Arab manzil, al-Butain, " the little belly" — i. e., of the 
Ram — is by most authorities defined as comprising the three stars in the 
haunch of the Ram, or b, d, and § 3 (or else ?) Arietis. Some, however, 
have regarded it as the same with Musca ; and we cannot but think that 
al-Biruni, in identifying, as he does, Bharani with al-Butain, meant to 
indicate by the latter name the group of which the Hindu asterism is 
actually composed. 

The last Chinese sieu, Oei, is the star 35 Arietis, or a Muscse. 

3. Krttika ; or, as plural, krttikas : the appellative meaning of the 
word is doubtful. The regent of the asterism is Agni, the god of fire. 
The group, composed of six stars, is that known to us as the Pleiades. 
It is figured by some as a flame, doubtless in allusion to its presiding 
divinity : the more usual representation of it is a razor, and in the choice 
of this symbol is to be recognized the influence of the etymology of the 
name, which may be derived from the root Jcart, " cut ;" in the configur- 
ation of the group, too, may be seen, by a sufficiently prosaic eye, a 
broad-bladed knife, with a short handle. If the designation given below 
(v. 18) of the southern member of the group as its junction-star, be 
strictly true, this is not Alcyone, or n Tauri (magn. 3), the brightest of 
the six, but either Atlas (27 Tauri : magn. 4) or Merope (23 Tauri : 
maun. 5): the two latter were very nearly equally distant from the 
equator of A. D. 560, but Atlas is a little nearer to the ecliptic. The 
defined position agrees best with Alcyone, nor can we hesitate to regard 
this as actually the junction-star of the asterism. We compare the posi- 
tions below : 
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Krttika 39 8' 4° 44' N. 

Akyone .... 39 58' 4° l'N. 

27 Tauri . . . . 4o° 20' 3° 53' N. 

23 Tauri . . . . 39 4i' 3° 55' N. 

The Siddhanta-Giromani etc. give Krttika 2' less of polar longitude 
than the Surya-Siddhanta, and the Graha-Laghava, on the other hand, 
30' more : the latter, with the Khanda-Kataka, agree with our text as 
regards the polar latitude, which the others reckon at 4° 30', instead of 5°. 

The Pleiades constitute the third manzil of the Arabs, which is de- 
nominated ath-Thuraiya, " the little thick-set group," or an-Najm, " the 
constellation." Alcyone is likewise the first Chinese sieu, which is 
styled Mao. 

4. Rohint, " ruddy" ; so named from the hue of its principal star. 
Prajapati, " the lord of created beings," is the divinity of the asterism. 
It contains five stars, in the grouping of which Hindu fancy has seen the 
figure of a wain (compare v. 13, below) ; some, however, figure it as a 
temple. The constellation is the well-known one in the face of Taurus 
to which we give the name of the Hyades, containing e, 8, y, ■&, a Tauri ; 
the latter, the most easterly (v. 19) and the brightest of the group — 
being the brilliant star of the first magnitude known as Aldebaran — is 
the junction-star, as is shown by the annexed comparison of positions : 

Rohint 48° 9' .... 4° 49' S. 

Aldebaran ... 49° 45' .... 5° 3o' S. 

The Siddhanta-Giromani etc. here again present the insignificant vari- 
ation from the polar longitude of our text, of 2' less : the former also 
makes its polar latitude 4° 30' : the Graha-Laghava reads, for the polar 
longitude, 49°. All these variations add to the error of defined position. 

The fourth Arab manzil is composed of the Hyades : its name is ad- 
Dabaran, "the follower" — i. e., of the Pleiades. We would suggest the 
inquiry whether this name may not be taken as an indication that the 
Arab system of mansions once began, like the Chinese, and like the 
Hindu system originally, with the Pleiades. There is, certainly, no very 
obvious propriety in naming any but the second of a series the " follow- 
ing" (sequens or secundus). Modern astronomy has retained the title as 
that of the principal star in the group, to which alone it was often also 
applied by the Arabs. 

The second Chinese sieu, Pi, is the northernmost member of the same 
group, or s Tauri, a star of the third to fourth magnitude. 

5. MrgaQlrsha, or rnrgapiras, " antelope's head" : with this name the 
figure assigned to the asterism corresponds : the reason for the designa- 
tion we have not been able to discover. Its divinity is Soma, or the 
moon. It contains three stars, of which the northern (v. 16) is the 
determinative. These three can be no other than the faint cluster in the 
head of Orion, or *, cjo 1 , <f> 2 Orionis, although the Hindu measurement 
of the position of the junction-star, I (magn. 4), is far from accurate, 
especially as regards its latitude : 

Mrgacirsha . . . . 6i° 3' . . . . 9 49' S. 
\ Orionis .... 63° 40' ... . i3° 25' S. 
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In this erroneous determination of the latitude all authorities agree : 
the Graha-Laghava adds 1° to the error in polar longitude, reading 62° 
instead of 63°. 

Here again there is an entire harmony among the three systems com- 
pared. The Arab manzil, al-Hak'ah, is composed of the same stars 
which make up the Hindu asterism : the third sieu, named Tse, is the 
Hindujunctiou-star, )• Orionis. 

6. Ardra, " moist :" the appellation very probably has some meteoro- 
logical ground, which we have not traced out : this is indicated also by 
the choice of Rudra, the storm-god, as regent of the asterism. It com- 
prises a single star only, and is figured as a gem. It is impossible not to 
regard the bright star of the first magnitude in Orion's right shoulder, 
or a Orionis, as the one here meant to be designated, notwithstanding 
the very grave errors in the definition of its position given by our text : 
the only visible star of which the situation at all nearly answers to that 
definition is 135 Tauri, of the sixth magnitude; we add its position 
below, with that of a Orionis : 

Ardra 65° 5o' . . . . 8° 53' S. 

a Orionis .... 68° 43' .... i6° 4' S. 
135 Tauri' . . . 67 38' . . . . 9 10' S. 

The distance from the sun at which the heliacal rising and setting of 
Ardra is stated below (ix. 14) to take place would indicate a star of about 
the third magnitude ; this adds to the difficulty of its identification with 
either of the two stars compared. We confess ourselves unable to 
account for the confusion existing with regard to this asterism, of which 
al-Biruni also could obtain no intelligible account from his Indian 
teachers. But it is to be observed that all the authorities, excepting our 
text and the Cakalya-Sanhita, give Ardra 11° of polar latitude instead 
of 9°, which would reduce the error of latitude, as compared with a 
Orionis, to an amount very little greater than will be met with in one or 
two other cases below, where the star is situated south of the ecliptic ; 
and it is contrary to all the analogies of the system that a faint star 
should have been selected to form by itself an asterism. The Siddhanta- 
Ciromani etc. make the polar longitude of the asterism 20' less than that 
given by the Surya-Siddhanta, and the Graha-Laghava 1° 20' less : these 
would add so much to the error of longitude. 

Here, for the first time, the three systems which we are comparing 
disagree with one another entirely. The Chinese have adopted for the 
determinative of their fourth sieu, which is styled Tsan, the upper star 
in Orion's belt, or S Orionis (2) — a strange and arbitrary selection, for 
which M. Biot is unable to find any explanation. The Arabs have estab- 
lished their sixth station close to the ecliptic, in the feet of Pollux, nam- 
ing it al-Han'ah, "the pile" : it comprises the two stars y (2.3) and $ 
(4.3) Geminorum : some authorities, however, extend the limits of the 
mansion so far as to include also the stars in the foot of the other twin, 
or rj, v, \i Geminorum ; of which the latter is the next Chinese sieu. 

1. Punarvasu ; in all the more ancient lists the name appears as a 
dual, punarvasu : it is derived from punar, " again," and vasu, " good, 
brilliant" : the reason of the designation is not apparent. The regent 
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of the asterism is Aditi, the mother of the Adityas. Its dual title indi- 
cates that it is composed of two stars, of nearly equal brilliancy, and 
two is the number allotted to it by the Cakalya and Khanda-Kataka, the 
eastern being pointed out below (v. 19) as the junction-star. The pair 
are the two bright stars in the heads of the Twins, or « and f? Gemino- 
rum, and the latter (1.2) is the junction-star. The comparison of posi- 
tions is as follows : 

Punarvasu .... 92 5a' .... 6° o' ~S. 

(3 Geminorum. . . 93° i4' . . . . 6° 39' N. 

The Graha-Laghava adds 1° to the polar longitude of Punarvasu as 
stated by the other authorities. 

Four stars are by some assigned to this asterism, and with that num- 
ber corresponds the representation of its arrangement by the figure of 
a house : it is quite uncertain which of the neighboring stars of the same 
constellation are to be added to those above mentioned to form the group 
of four, but we think 1 (magn. 4) and v (5) those most likely to have 
been chosen : Colebrooke suggests # (3.4) and t (5.4). 

The determinative of the fifth sieu, Tsing, is fi Geminorum (3), which, 
as we have seen, is reckoned among the stars composing the sixth 
manzil : the seventh manzil includes, like the Hindu asterism, a and § 
Geminorum : it is named adh-Dhira', " the paw" — i. e., of the Lion ; the 
figure of Leo (see Ideler, p. 152 etc.) being by the Arabs so stretched 
out as to cover parts of Gemini, Cancer, Canis Minor, and other neigh- 
boring constellations. 

8. Pushya ; from the root push, " nourish, thrive" ; another frequent 
name, which is the one employed by our treatise, is tishya, which is 
translated " auspicious" ; Amara gives also sidhya, " prosperous." Its 
divinity is Brhaspati, the priest and teacher of the gods. It comprises 
three stars — the Khanda-Kataka alone seems to give it but one — of which 
the middle one is the junction-star of the asterism. This is shown by 
the position assigned to it to be 8 Cancri (4) : 

Pushya .... ro6° o' . . . . 0° o' 
S Cancri .... 108 4a' .... o° 4' W. 

The other two are doubtless y (4.5) and & (6) of the same constellation : 
the asterism is figured as a crescent and as an arrow, and the arrange- 
ment of the group admits of being regarded as representing a crescent, 
or the barbed head of an arrow. Were the arrow the only figure given, 
it might be possible to regard the group as composed of y, &, and (J (4), 
the latter representing the head of the arrow, and the nebulous cluster, 
Prsesepe, between / and &, the feathering of its shaft: # (105° 43' — 
0° 48' S.) would then be the junction-star. 

The Arab manzil, an-Nathrah, " the nose-gap" — i. e., of the Lion — 
comprises y and 8 Cancri, together with Prsesepe ; or, according to some 
authorities, Prajsepe alone. The sixth sieu, Kuei, is & Cancri, a star 
which is, at present, only with difficulty distinguished by the naked eye. 
Ptolemy rates it as of the fourth magnitude, like y and 8 ; perhaps it is 
one of the stars of which the brilliancy has sensibly diminished during 
the past two or three thousand years, or else a variable star of very 
long period. The possibility of such changes requires to be taken into 
account, in comparing our heavens with those of so remote a past. 
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9. ApleshA ; or, as plural, AfleshAs; the word is also written ApreshA: 
its appellative meaning is " entwiner, embracer." With, the name accord 
the divinities to whom the regency of the asterism is assigned, which 
are sarpas, the serpents. The number of stars in the group is stated as 
five by all the authorities excepting the Khanda-Kataka, which reads six : 
their configuration is represented by a wheel. The star a Cancri (4) is 
pointed out by Colebrooke as the junction-star of Aclesha, apparently 
from the near correspondence of its latitude with that assigned to the 
latter, for he says nothing in connection with it of his native helpers : 
but a Cancri is not the eastern (v. 19) member of any group of five stars ; 
nor, indeed, is it a member of any distinct group at all. Now the name, 
figure, and divinity of Aglesha are all distinctive, and point to a constel- 
lation of a bent or circular form : and if we go a little farther south- 
ward from the ecliptic, we find precisely such a constellation, and one 
containing, moreover, the corresponding Chinese determinative. The 
group is that in the head of Hydra, or »;, <r, d, s, g Hydrse, a and § being 
of the fifth magnitude, and the rest of the fourth : their arrangement is 
conspicuously circular. There can be no doubt, therefore, that the 
situation of the asterism is in the head of Hydra, and e Hydrse, its 
brightest star (being rated in the Greenw. Cat. as of magnitude 3.4, 
while 8 is 4.5), is the junction-star : 

AclesM .... io 9 ° 59' ... . 6° 56' S. 

s Hydras. . • . 112 20' . . . . n° 8' S. 

a Cancri .... u3° 5' . . . . 5° 3i' S. 
The error of the Hindu determination of the latitude is, indeed, very 
considerable, yet not greater than we are compelled to accept in one or 
two other cases. The Khanda-Kataka increases it 1°, giving the aster- 
ism 6° instead of 1° of polar latitude. The Siddhanta-Qiromani etc. 
deduct 1° from the polar longitude of the Surya-Siddhanta, and the 
Graha-Laghava deducts 2° : both variations would add to the error in 
longitude. 

The Arab manzil is, in this instance, far removed from the Hindu aster- 
ism, being composed of I Cancri (5) and !■ Leonis (5.4), and called at- 
Tarf, " the look" — i. e., of the Lion. The seventh Chinese sieu, Lieu, is, 
as already noticed, included in the Hindu group, being d Hydrse. 

10. Magha ; or, as plural, magh&s ; "mighty." The pitaras, Fathers, 
or manes of the departed, are the regents of the asterism, which is fig- 
ured as a house. It is, according to most authorities, composed of five 
stars, of which the southern (v. 18) is the junction-star. Four of these 
must be the bright stars in the neck and side of the Lion, or t, y, rj. and 
a Leonis, of magnitudes 4.5, 2, 3.4, and 1.2 respectively; but which 
should be the fifth is not easy to determine, for there is no other single 
star which seems to form naturally a member of the same group with 
these: v (5), n (5), or s> (4) might be forced into a connection with 
them. This difficulty would be removed by adopting, with the Khanda- 
Kataka, six as the number of stars included in the asterism : it would 
then be composed of all the stars forming the conspicuous constellation 
familiarly known as " the Sickle." The star a Leonis, or Eegulus, the 
most brilliant of the group, is the junction-star, and its position is defined 
with unusual precision : 
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Magna . ... 129° o' .... o° o' 
Eegulus .... 129 49' .... o° 27' K". 

The tenth manzil, aj-Jabhah, " the forehead" — i. e., of the Lion — is 
also composed of t, y, y, a Lconis. 

The eighth, ninth, and tenth sieu of the Chinese system altogether 
disagree in position with the groups marking the Hindu and Arab man- 
sions, being situated far to the southward of the ecliptic, in proximity, 
according to Biot, to the equator of the period when they were estab- 
lished. The eighth, Sing, is a Hydra (2), having longitude (A. D. 560) 
12'7 16', latitude 22° 25' S. 

11, 12. Phalgunl ; or, as plural, phalgumjas ; the dual, phalguny&u, 
is also found : this treatise presents the derivative form phalgunl, which 
is not infrequently employed elsewhere. The word is likewise used to 
designate a species of fig-tree : its derivation, and its meaning, as applied 
to the asterisms, is unknown to us. Here, as in two other instances, 
later (the 20th and 21st, and the 26th and 27th asterisms), we have 
two groups called by the same name, and distinguished from one another 
as purva and uttara, "former" and "latter" — that is to say, coming ear- 
lier and later to their meridian-transit. The true original character and 
composition of these three double asterisms has been, if we are not mis- 
taken, not a little altered and obscured in the description of them fur- 
nished to us ; owing, apparently, to the ignorance or carelessness of the 
describers, and especially to their not having clearly distinguished the 
characteristics of the combined constellation from those of its separate 
parts. In each case, a couch or bedstead (payyd, mafica, paryankn) is 
given as the figure of one or both of the parts, and v»e recognize in 
them all the common characteristic of a constellation of four stars, form- 
ing together a regular oblong figure, which admits of being represent- 
ed — not unsuitably, if rather prosaically — by a bed. This figure, in the 
case of the Phalgunis, is composed of <J, y-, (?, and 93 Leonis, a very 
distinct and well-marked constellation, containing two stars, <5 and 8, of 
the second to third magnitude, one, V; of the third, and one, 93, of the 
fourth. The symbol of a bed, properly belonging to the whole constel- 
lation, is given by all the authorities to both the two parts into which it 
is divided. Each of these latter has two stars assigned to it, and the 
junction-stars are said (v. 18) to be the northern. The first group is, 
then, clearly identifiable as S and ^ Leonis, the former and brighter 
being the distinctive star : 

Purva-Phalguni . . . 139° 58' . . . . n°i9'N. 

S Leonis i4r° i5' . . . . i4° 19' N. 

3- Lconis i43 c 24' ■ • . . 9° 4o' N. 

The Siddhanta-Ciromani etc., and the Graha-Laghava, give Purva- 
Phalguni respectively 3° and 4° more of polar longitude than the Surya- 
Siddhanta. These are more notable variations than arc found in any 
other case, and they appear to us to indicate that these treatises intend to 
designate #, the southern member of the group, as its junction-star : wo 
have accordingly added its position also above. 

In the latter group, the junction-star is evidently j? Leonis : 
UtWa-Phalguni . . . i5o° 10' ... . 12 5' N. 

P Leonis i5i° 3-j' ... . j2° 17' U\ 

vol. vi. 43 
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This star, however, is not the northern, but the southern, of the two 
composing the asterism : its description as the southern we cannot but 
regard as simply an error, founded on a misapprehension of the compo- 
sition of the double group. To al-Biruni, j? Leonis and another star to 
the northward, in the Arab constellation Coma Berenices, were pointed 
out as forming the asterism Uttara-Phalguni. The Cakalya gives it five 
stars, probably adding to § Leonis the four small stars in the head of the 
Virgin, S. 1 , v, n, and o, of magnitudes four to five and five. 

The regents of Purva and Uttara-Phalguni are Bhaga and Aryaman, 
or Aryaman and Bhaga, two of the Adityas. 

The two corresponding Arab mansions are called az-Zubrah, "the 
mane" — i. e., of the Lion — and as-Sarfah, "the turn": they agree as 
nearly as possible with the Hindu asterisms, the former being composed 
of S and # Leonis, the latter of § Leonis alone. The Chinese sieu, named 
respectively Chang and Y, are v l Hydne (5)* and «Crateris (4). 

1 3. Hasta, " hand." Savitar, the sun, is regent of the asterism, which, 
in accordance with its name, is figured as a hand, and contains five stars, 
corresponding to the five fingers. These are the five principal stars in 
the constellation Coitus, a well-marked group, which bears, however, 
no very conspicuous resemblance to a hand. The stars are named — 
counting from the thumb around to the little finger, according to our 
apprehension of the figure — (?, «, s, y, and S Corvi. The text gives be- 
low (v. 17) a very special description of the situation of the junction- 
star in the group, but one which is unfortunately quite hard to under- 
stand and apply: we regard it as most probable, however (see note to 
v. 17), that y (3) is the star intended : the defined position, in which all 
the authorities agree, would point rather to 5 (3) : 

Hasta 174 22' . . . • . io° 6' S. 

y Corvi .... 170 44' ... . i4° 29' S. 

& Corvi .... 173° 27' ... . 12 10' S, 
The Hindu and Chinese systems return, in this asterism, to an accord- 
ance with one another : the eleventh sieu, Chin, is the star y Corvi. The 
Arab system holds its own independent course one point farther : its 
thirteenth mansion comprises the five bright stars (?, 1, y, d, e Virginis, 
which form two sides, measuring about 15° each, of a great triangle: 
the mansion is named al-Auwa', " the barking dog." 

14. GitrA, "brilliant." This is the beautiful star of the first magni- 
tude a Virginis, or Spica, constituting an asterism by itself, and figured 
as a pearl or as a lamp. Its divinity is Tvashtar, " the shaper, artificer." 
It3 longitude is very erroneously defined by the Surya-Siddhanta : 

Citra .... 180 48' .... i° 5o' S. 

Spica ..... i83° 49' .... 2 2' S. 
All the other authorities, however, saving the Qakalya, remove this 
error, by giving Citr& 183° of polar longitude, instead of 180°. The 
only variation from the definition of latitude made by our text is offered 
by the Siddhanta-Qiromani, which, varying for once from the Brahma- 
Siddhanta, reads 1° 45' instead of 2°. 

* It is, apparently, by an original error of the press, that M. Biot, in all his 
tables, calb this star »'. 
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Spica is likewise the fourteenth mamil of the Arabs, styled by them 
as-Simak, and the twelfth sieu of the Chinese, who call it Kio. 

15. Sv&ti, or sv&ti ; the word is said to mean "sword." The Tait- 
tiriya-Brahmana calls the asterism nishtyA, " outcast," possibly from its 
remote northern situation. It is, like the last, an asterism comprising 
but a single brilliant star, which is figured as a coral bead, gem, or pearl. 
In the definition of its latitude all authorities agree ; the Graka-Laghava 
makes its polar longitude 198° only, instead of 199°. The star intended 
is plainly « Bootis, or Arcturus : 

Sv4ti i83° 2' .... 33° 5o' N. 

Arcturus. . . • i84° 12' ... . 3o° 5?' If. 

In this instance, the Hindus have gone far beyond the limits of thd 
zodiac, in order to bring into their series of asterisms a brilliant star 
from the northern heavens : the other two systems agree in remaining 
near the ecliptic. The fourteenth Chinese sieu, Kang, is x Virginis 
(4.5) : the Arab mamil, al-Ghafr, " the covering," includes the same 
star, together with 1, and either i- or <p Virginis. 

1 6. Vif&kkd, " having spreading branches" : in all the earlier lists the 
name appears as a dual, vif&khe. The asterism is also placed under the 
regency of a dual divinity, indragni, Indra and Agni. We should ex- 
pect, then, to find it composed, like the other two dual asterisms, the 1st 
and 7 th, of two stars, nearly equal in brilliancy, and two is actually the 
number assigned to the group by the Cakalya and the Khanda-Kataka. 
Now the only two stars in this region of the zodiac forming a conspicu- 
ous pair are a and § Librae, both of the second magnitude, and as these 
two compose the corresponding Arab mansion, while the former of them 
is the Chinese sieu, we have the strongest reasons for supposing them to 
constitute the Hindu asterism also. There are, however, difficulties in 
the Way of this assumption. The later authorities give Vigakha four 
stars, and the defined position of the junction-star identifies it neither 
with « nor (?, but with the faint star » (4.3) in the the same constella- 
tion. Colebrooke, overlooking this star, suggests « or x Librae (5) : the 
following comparison of positions will show that neither of them can bo 
the one meant to be pointed out : 

Vic&kha .... 2i3° 3i' . . . . i° s5'S. 

1 Libras .... 21 1° o' . . . . i°48'S: 

o Libra .... 2o5° 5' . . . . o° 23'' N. 

x Libras .... 217 45' .... o u 1' N. 

The group is figured as a torana : this word Jones and Colebrooke 
translate " festoon," but its more proper meaning is " an outer door or 
gate, a decorated gateway." And if we change the designation of situ- 
ation of the junction-star in its group, given below (v. 16), from "north- 
ern" to " southern," we find without difficulty a quadrangle of stars, viz. 
*> "> ft Y (4-5) Libras, which admits very well of being figured as a gate- 
way. Nor is it, in our opinion, taking an unwarrantable liberty to make 
such an alteration. The whole scheme of designations we regard as 
of inferior authenticity, and as partaking of the confusion and uncer- 
tainty of the later knowledge of the Hindus respecting their system of 
asterisms. That they were long ago doubtful of the position of Vieakh& 
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is shown by the fact that al-Biruni was obliged to mark it in his list as 
" unknown." Very probably the Surya-Siddhanta, in calling t the north- 
ern member of the group, intended to include with it only the star 20 
Librae (3.4), situated about 6° to the south of it. Upon the whole, then, 
while we regard the identification of Vicakha as in some respects more 
doubtful than that of any other asterism in the series, we yet believe 
that it was originally composed of the two stars a and ft Librae, and that 
later the group was extended to include also t and y, and, as so extended, 
was figured as a gateway. The selection, contrary to general usage, of 
the faintest star in the group as its junction-star, may have been made 
in order to insure against the reversion of the asterism to its original 
dual form. 

The variations of the other authorities from the position as stated in 
our text are of small importance : the Siddhanta-Ciromani etc. give 
Vicakha, 55' less of polar longitude, and the Graha-Laghava 1° less ; of 
polar latitude, the Siddhanta-Qiromani gives it 10', the Graha-Laghava 
30' less ; the Khanda-Kataka agrees here, as also in the two following 
asterisms, with the Surya-Siddhanta. 

The sixteenth Arab manzil, comprising, as already noticed, « and £? 
Libra?, is styled az-Zubanan, "the two claws" — i. e., of the Scorpion : 
the name of the corresponding Chinese mansion, having for its deter- 
minative o Librae, is Ti. 

17. Anuradha ; or, as plural, anur&dhas .^ the word meano "success." 
The divinity is Mitra, "friend," one of the Adityas. According to the 
Cakalya, the asterism is composed of three stars, and with this our text 
plainly agrees, by designating (v. 18) the middle as the junction-star: 
all the other authorities giveit four stars. As a group of three, it com- 
prises ft S, ti Soorpionis, S (2.3) being the junction-star ; as the fourth 
member we are doubtless to add g Scorpionis (5.4). It is figured as a 
ball or vali ; this Colebrooke translates " a row of oblations" ; we do 
not find, however, that the word, although it means both "oblation, 
offering," and " a row, fold, ridge," is used to designate the two com- 
bined : perhaps it may better be taken as simply " a r.ow ;" the stars 
of the asterism, whether considered as three or four, being disposed in 
nearly a straight line. The comparison of positions is as follows : 

Anuradha .... 224 44' .... 2° 5a' S. 
S Scorpionis . . . 222 34' • ■ • • 1° 57' S. 

The Siddhanta-Ciromani and Graha-Laghava estimate the latitude of 
Anuradha somewhat more accurately, deducting from the polar latitude, 
as given by our text, 1° 15' and 1° respectively : the Siddhanta-Ciromani 
etc. also add the insignificant amount of 5' to the polar longitude of tho 
Surya-Siddhanta. 

The corresponding Arab manzil, named al-Iklil, " the crown," con- 
tains also the three stars ft 8, n Scorpionis, some authorities adding g to 
the group. The Chinese sieu, Fang, is n (3), the southernmost and the 
faintest of the three. 

18. JyeshtM, "oldest." The Taittiriya-Sanhita, in its list of aster- 
isms, repeats here the name rohint, " ruddy," which we have hadabove 
as that of the 4th asterism : the appellation has the same ground in this 
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as in the other case, the junction-star of Jyeshtha, being also one of those 
which shine with a reddish light. The regent is Indra, the god of the 
clear sky. The group contains, according to all the authorities, three 
stars, and the central one (v. 18) is the junction-star. This is the bril- 
liant star of the first magnitude a Scorpionis, or Antares ; its two com- 
panions are a (3.4) and t (3.4) in the same constellation : 

Jyeshtha .... 23o° 7' .... 3° 5o' S. 
Antares .... 229 44' .... 4° 3i' S. 

The constellation is figured as a ring, or ear-ring ; by this may be un- 
derstood, perhaps, a pendent ear-jewei, as the three stars of JyeshtM 
form nearly a straight line, with the brightest in the middle. 

The Siddhanta-^iromani and Graha-Laghava add to the polar longi- 
tude of the junction-star of the asterism, as stated in our text, 5' and 1° 
respectively, and they deduct from its polar latitude 30' and 1° respect- 
ively, making the definition of its position in both respects less accurate. 

Antares forms the eighteenth manzil, and is styled al-Kalb, "the 
heart" — i. e., of the Scorpion : a and i are called an-Niyat, " the prm- 
cordiaP The Chinese siev, Sin, is the westernmost of the three, or 0. 

19. Miila, "root." The presiding divinity of the asterism is nirrli, 
" calamity," who is also regent of the south-western quarter. It com- 
prises, according to the Qakalya, llme s tars; their configuration is rep- 
resented by a lion's tail. The stars intended are those in the tail of the 
Scorpion, or e, //, 'c, 77, ■&, 1, x, v, I Scorpionis, all of them of the third, 
or third to fourth, magnitude. Other authorities count eleven stars in 
the group, probably reckoning /i and ? as four stars ; each being, in fact, 
a group of two closely approximate stars, named in our catalogues (i 1 
(3), f s (4), £» (4.5), i 2 (3). The Khanda-Kataka alone gives Mula only 
two stars, which are identified by al-Biruni with the Arab manzil ash- 
Shaulah, or A and v Scorpionis. The Taittiriya-Sanhita, too, gives the 
name of the asterism as vicrlau, " the two releasers" : the Viertau are 
several times spoken of in the Atharva-Veda as two stars of which the 
rising promotes relief from lingering disease (kshetriya) : it is accord- 
ingly probable that these are the two stars in the sting of the Scorpion, 
and that they alone have been regarded by some as composing the aster- 
ism : their healing virtue would doubtless be connected with the meteor- 
ological conditions of the time at which their heliacal rising takes place. 
Our text (v. 19) designates the eastern member of the group as its junc- 
tion-star : it is uncertain whether the direction is meant to apply to the 
group of two, or to that of nine stars : if, as seems probable, I is the 
star pointed out by the definition of position, it is strictly true only of 
the pair I and f, since «, x, and & are all farther eastward than I : 

Mdla 242 52' ... . 8° 48' S. 

%. Scorpionis . . . 244° 53' . . . . i3° 44' S. 

The Graha-Laghava gives a more accurate statement of the longitude, 
adding 1° to the polar longitude as defined by all the other authorities : 
but it increases the error in latitude, by deducting 1° from that presented 
by our text : the Siddhanta-Qiromani, in like manner, deducts 30', while 
the Khanda-Kataka adds the same amount.. 
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The Taittiriya-Sanhita makes pitaras, the Fathers, the presiding divin- 
ities of this asterism, as well as of the tenth. 

Bentley states (Hind. Astr., p. 5) that Mula was originally reckoned as 
the first of the asterisms, and was therefore so named, as being their root 
or origin ; also that, at another time, or in a different system, the series 
was made to begin with Jyeshtha, which thence received its title of 
" eldest." These statements are put forth with characteristic reckless- 
ness, and apparently, like a great many others in his pretended history 
of Hindu astronomy, upon the unsupported authority of his own conjec- 
ture. It is, in many cases, by no means easy to discover reasons for the 
particular appellations by which the asterisms are designated : but we 
would suggest that Mula may perhaps have been so named from its be- 
ing considerably the lowest, or farthest to the southward, of the whole 
series of asterisms, and hence capable of being looked upon as the root 
out of which they had grown up the heavens. It would even be possi- 
ble to trace the same conception farther, and to regard Jyeshtha as so 
styled because it was the first, or " oldest," outgrowth from this root, 
while the Vicakhe, " the two diverging branches," were the stars in 
which the series broke into two lines, the one proceeding northward, to 
Svatl or Arcturus, the other westward, to Citra or Spica. We throw 
out the conjecture for what it may be worth, not being ourselves at all 
confident of its accordance with the truth. 

The nineteenth Arab manzil is styled ash-Shaulah, "the sting" — i. e., 
of the Scorpion — and comprises, as already noticed, v and ^ Scorpionis. 
The determinative of the seventeenth sieu, Uei, is included in the Hindu 
asterism, being fi 2 Scorpionis. 

20, 21. Ashddhd; or, as plural, ashadh&s ; this treatise presents the 
derivative form Ashadha, which is not infrequent elsewhere : the word 
means " unsubdued." Here, again, we have a double group, divided 
into two asterisms, which are distinguished as purva and uttara, " former 
and latter." Their respective divinities are Apas, " the waters," and vifve 
devds, " the collective gods." Two stars are ordinarily allotted to each 
asterism, and in each case the northern is designated (v. 16) as the junc- 
tion-star. By some authorities each group is figured as a bed or couch ; 
by others, the one as a bed and the other as an elephant's tusk ; and 
here, again, there is a difference of opinion as to which is the bed and 
which the tusk. The true solution of this confusion is, as we conceive, 
that the two asterisms taken together are figured as a bed, while either 
of them alone is represented by an elephant's tusk. The former group 
must comprise S (3.4) and e (3.2) Sagittarii, the former being the junc- 
tion-star ; this is shown by the following comparison of positions : 

Pilrva-Ashadha .... 254° 39' .... 5° 28' S. 
8 Sagittarii '. 254° 3s' .... 6° 25' S. 

The Graha-Laghava gives Purva-Ashadha. 1° more of polar longitude, 
and 30' less of polar latitude, than the Surya-Siddhanta: the Siddhanta- 
Qiromani etc. give it 10' less of the latter. 

The latter of the two groups contains, as its southern star, £ Sagittarii 
(3.4), and its northern and junction-star can be no other than o (2.3) in 
the same constellation, notwithstanding the error in the Hindu determi- 
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nation of its latitude, which led Colebrooke to regard t (4.3) as the 
star intended : we subjoin the positions : 

Uttara-Ashadha. .... 260° 23' .... 4° 59' S. 

9 Sagittarii 262° 21' .... 3° 24' S. 

* Sagittarii 264 48' .... 5° 1' S. 

The only variation from the position of the junction-star of this aster- 
ism as stated in our text is presented by the Graha-Laghava, which 
makes its polar longitude 261° instead of 260°. 

The Cakalya (according to Colebrooke : our MS. is defective at this 
point) and the Khanda-Kataka assign four stars to each of the Ashadhas, 
and the former represents each as a bed. It would not be difficult to 
establish two four-sided figures in this region of the constellation Sagit- 
tarius, each including the stars above mentioned, with two others : the 
one would be composed of y 2 (4.3), S, s, ij (4 — the star is also called (? 
Telescopii), the other of <f (4.3), a, r, and £ : such is unquestionably the 
constitution of the two asterisms, considered as groups of four stars ; 
they are thus identified also, it may be remarked, by al-Biruni. The 
junction-stars would still be d' and </, which are the northernmost in their 
respective constellations ; nor is there any question as to which four 
among the eight are selected to make up the double asterism, since <?, e, 
£, and a both form the most regular quadrangular figure, and are the 
brightest stars. 

The determinatives of the eighteenth and nineteenth mansions of the 
Chinese, Ki and Teu, are y 2 and <j> Sagittarii, which are included in the 
two quadruple groups as stated above. The twentieth manzil compre- 
hends all the eight stars which we have mentioned, and is styled an- 
Na'aim, " the pasturing cattle" : some also understand each group of 
four as representing an ostrich, na'am. The twenty-first manzil, on the 
other hand, al-Baldah, " the town," is described as a vacant space above 
the head of Sagittarius, bounded by faint stars, among which the most 
conspicuous is n Sagittarii (4.5). 

22. Abhijit, " conquering." The regent of the asterism is Brahma. 
The position assigned to its junction-star, which is described as the 
brightest (v. 19) in a group of three, identifies it with a Lyrse, or Vega, 
a star which is exceeded in brilliancy by only one or two others in the 
heavens ; 

Abhijit .... 264° 10' ... . 59° 58' N. 
Vega .... 265° i5' . . . . 6i° 46' N. 

The other authorities compared (excepting the Cakalya) define the 
position in latitude of Abhijit more accurately, adding 2° to the polar 
latitude given by the Surya-Siddhanta : the Graha-Laghava also improves 
the position in longitude by adding 1° 20', while the Siddhanta-Ciromani 
etc. increase the error by deducting 1° 40'. 

The Taittiriya-Sanhita (iv. 4. 10) omits Abhijit from its list of the as- 
terisms : the probable reason of its omission in some authorities, or in 
certain connections, and its retention in others, we shall discuss far- 
ther on. 

Abhijit is figured as a triangle, or as the triangular nut of the prngata, 
an aquatic plant ; this very distinctly represents the grouping of a Lyi-se 
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with the two other fainter stars of the same constellation, « and t, both 
of the fifth magnitude. 

In this and the two following asterisms — as once before, in the fifteenth 
of the series — the Hindus have gone far from the zodiac, in order to 
bring into their system brilliant stars from the northern heavens, while 
the Chinese and the Arab systems agree in remaining in the immediate 
neighborhood of the ecliptic. The twentieth sieu is named Nieu, and 
is the star (? Capricorni (3), situated in the head of the Goat : the twen- 
ty-second manzil, Sa'd adh-Dhabih, " felicity of the sacrificer," contains 
the same star, the group being a (composed of two stars, each of mag- 
nitude 3.4) and § Capricorni. 

23. Qravana, "hearing, ear"; from the root fru, "hear": another 
name for the asterism, frond, found occurring in the Taittiriya lists, is 
perhaps from the same root, but the word means also " lame." Qravana 
comprises three stars, of which the middle one (v. 18) is the junction- 
star : they are to be found in the back and neck of the Eagle, namely 
as y, a, and § Aquilaj ; «, the determinative, is a star of the first to sec- 
ond magnitude, while y and |? are of the third and fourth respectively : 



<J!raYar.a . . 


. . 282 29' . . 


. . 29 54' K 


a A quite . 


. . 28l°4l' . . 


. . 29 11' N. 



All the authorities agree as to the polar latitude of Cravana: the 
Siddhanta-Ciromani etc. give it 2° less of polar longitude than our trea- 
tise, and the Graha-L&ghava even as much as 5° less. 

The regent of the asterism is Vishnu, and its figure or symbol corres- 
ponds therewith, being three footsteps, representatives of the three steps 
by which Vishnu is said, in the early Hindu mythology, to have strode 
through heaven. The (^akalya, however, gives a trident as the figure 
belonging to Qravana. Possibly the name is to be regarded as indica- 
ting that it was originally figured as an ear. 

The Chinese sieu corresponding in rank with Qravseaa. is called Nu, 
and is the faint star e Aquarii (4.3). The Arab manzil Sa'd Bula', 
" felicity of a devourer," or al-Bula', " the devourer," etc., includes the 
same star, being composed of e, (i (4.5), v (5) Aquarii, or, according to 
others, of £ and 7 (6) Aquarii, or of 11 and r. 

24. QravishthA ; the word is a superlative formation from the same 
root from which came the name of the preceding asterism, and means, 
probably, " most famous." Another and hardly less frequent appella- 
tion is dhanishthti, an irregular superlative from dhanin, " wealthy." The 
class of deities known as the vasus, " bright, good," are the regents of 
the asterism. It comprises four stars, or, according to the Qakalya anc i 
Khanda-Kataka, five : the former, which is given by so early a list as 
that of the Taittiriya-Brahmana, is doubtless the original number. The 
group is the conspicuous one in the head of the Dolphin, composed of 
p, «, y, S Delphini, all of them stars of the third, or third to fourth, mag- 
nitude, and closely disposed in diamond or lozenge-form: they are fig- 
ured by the Hindus as a drum or tabor. The junction-star, which is the 
western (v. 17), is ^ : 

9ravishth4 .... 2960 5' .... 35° 33' S. 
p Delphini .... 296° 19' ... . 3i° 57' a 
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The only variation from the position assigned in our text to the junc- 
tion-star of Cravishtha, is presented by the Graha-Laghava, which gives 
it 286°, instead of 290°, of polar longitude. Perhaps its intention is to 
point out 'i (5) as the junction-star : this is doubtless the one added to 
the other four, on account of its close proximity to them, to make up the 
group of five ;' it lies only about half a degree westward from (?. 

The name of the twenty-fourth manzil, Sa'd as-Su'ud, " felicity of 
felicities" — i. e., " most felicitous" — exhibits an accordance with that of 
the Hindu asterism which possibly is not accidental. The two are, how- 
ever, as already noticed, far removed in position from one another, the 
Arab mansion being composed of the two stars (3 (3) and I (5.4), in the 
left shoulder of Aquarius, to which some add also 46, or c 1 , Capricorni 
(6). The corresponding sieu, Hiii, is the first of them, or (? Aquarii. 

25. Qatabhishaj, "having a hundred physicians" : the form fatabhishd, 
which seems to be merely a corruption of the other, also occurs in later 
writings. It is, as we should expect from the title, said to be composed 
of a hundred stars, of which the brightest (v. 19) is the junction-star. 
This, from its defined position, can only be I Aquarii (4) : 

gatabhishaj . . . . 3iq° 5i' .... o° 29' S. 
•K Aquarii 32i° 33' .... o° 23' S. 

The rest of the asterism is to be sought among the yet fainter stars in 
the knee of Aquarius, and the stream from his jar : of course, the num- 
ber one hundred is not to be taken as an exact one, nor are we to sup- 
pose it possible to trace out with any distinctness the figure assigned 
to the group, which is a circle. The Khanda-Kataka, according to al- 
Biruni, gives Catabhishaj only a single star, but this is probably an error 
of the Arab traveller : he is unable to point out which of the stars in 
Aquarius is to be regarded as constituting the asterism. 

The regent of the 25th asterism, according to nearly all the authori- 
ties, is Varuna, the chief of the Adityas, but later the god of the waters : 
the Taittiriya-Sanhita alone gives to it and to the 14th asterism, as well 
as to the 18th, Indra as presiding divinity: this is perhaps mere blun- 
dering. 

The Graha-Laghava places the junction-star of Catabhishaj precisely 
on the ecliptic : the Siddhanta-Ciromani etc. give it 20', instead of 30', 
of polar latitude south. 

The corresponding lunar mansion of the Arabs, Sa'd al-Akhbiyah, 
" the felicity of tents," comprises the three stars in the right wrist and 
hand of the Water-bearer, or 7 (3), £ (4), »/ (4) Aquarii, together with a 
fourth, which Ideler supposes to be n (5). Since, however, the twenty- 
third Chinese determinative, Goei, is « Aquarii (3), a star so near as 
readily to be brought into the same group with the other three, we are 
inclined to regard it as altogether probable that the mansion was, at 
least originally, composed of a, y, t, and i). 

26, 27. BhddrapadA ; as plural, bhadrapadds : also bhadrapadd ; from 
bhadra, " beautiful, happy," and pada, " foot." Another frequent appel- 
lation is proshthapada : prosht.ha is said to mean " carp" and " ox" ; the 
latter signification might perhaps apply here. We have here, once more, 
a double asterism, divided into two parts, which are distinguished from 

vol. vr. Ji 
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one another as phrva and uttara, " former" and " latter." All authori- 
ties agree in assigning two stars to each of the two groups ; but there is 
not the same accordance as regards the figures by which, they are rep- 
resented : by some the one, by others the other, is called a couch or bed, 
the alternate one, in either case, being pronounced a bi-faced figure : the 
Muhurta-Cintamani calis the first a bed, and the second twins. It ad- 
mits, we apprehend, of little or no question that the Bhadrapadas are 
properly the four bright stars jS, o, y Pegasi, and « Andromedae — all of 
them commonly reckoned as of the second magnitude — which form 
together a nearly perfect square, with sides measuring about 15°: the 
constellation, a very conspicuous one, is familiarly known as the " Square 
of Pegasus." The figure of a couch or bed, then, belongs, as in the 
case of the other two double asterisms, already explained, to the whole 
constellation, and not to either of the two separate asterisms into which 
it is divided, while, on the other hand, either of these latter is properly 
enough symbolized by a pair of twins, or by a figure with a double 
face. The appropriateness of the designation " feet," found as a part of 
both the names of the whole constellation, is ako sufficiently evident, if 
we regard the group as thus composed. The junction-star of the former 
half-asterism is, by its defined position, clearly shown to be a Pegasi : 

Purva-Bhadrapada .... 334° 25' ... . 22° 3o' K 
a Pegasi . 333° 27' .... 19° 25' N. 

The Graha-Laghava gives the junction-star 1° less of polar longitude, 
which would bring its position to a yet closer accordance, in respect to 
longitude, with a Pegasi : the error in latitude, which is common to all 
the authorities, is not greater than we have met with several times else- 
where. But we are told below (v. 1 6) that the principal star of each of 
these asterisms is the northern, and this would exclude § Pegasi alto- 
gether, bringing in as the other member of the first pair some more 
southern star, perhaps £ Pegasi (3.4). The confusion is not less marked, 
although of another character, in the case of the second asterism : in 
the definition of position of its junction-star we find a longitude given 
which is that of one member of the group, and a latitude which is that 
of the other, as is shown by the following comparison : 

Uttara-Bhadrapada .... 347° 16' ... . 24° 1' K 

y Pegasi ........ 349° 8' .... 12° 35' N. 

a Andromedas 354° 17' .... 25°4i'N, 

If we accept either of these two stars as the one of which the posi- 
tion is rneant to be defined, we shall be obliged to admit an error in the 
determination either of its longitude or of its latitude considerably- 
greater than we have met with elsewhere. Nor is the matter mended 
by any of the other authorities : the only variation from the data of our 
tixt is presented by the Graha-Laghava, which reads, as the polar lati- 
tude of Uttara-Bhadrapada, 27° instead of 26°. There can be no 
doubt that the two stars recognized as composing the asterism are y Pe- 
gasi and a Andromeda;, but there has evidently been a blundering con- 
fusion of the two in making out the definition of position of the junc- 
tion-star. We would suggest the following as a possible explanation of 
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this confusion : that originally « and y Pegasi were designated and de- 
scribed as junction-stars of the two half-groups, of which they were 
respectively the southern members; that afterward, for some reason — 
perhaps owing to the astrological theory (see above, vii. 21) of the supe- 
riority of a northern star — the rank of junction-star was sought to be 
transferred from the southern to the northern stars of both asterisms : 
that, in making the transfer, the original constitution of the former 
group was neglected, while in the latter the attempt was made to define 
the real position of the northern star, but by simply adding to the polar 
latitude already stated for y Pegasi, without altering its polar longitude 
also. Al-Biruni, it should be remarked, was unable to obtain from his 
Hindu informants any satisfactory identification of either of these aster- 
isms, and marks both in his catalogue as "unknown." 

The view we have taken of the true character of the two Bhadrapa- 
das is powerfully supported by their comparison with the corresponding 
members of the other two systems. The twenty-sixth and twenty- 
seventh manzils, al-Fargh al-Mukdim and al-Fargh al-Mukhir, " the fore 
and hind spouts of the water-jar," comprise respectively a and (? Pegasi, 
and y Pegasi and a Andromeda? ; the determinatives of the twenty- 
fourth and twenty-fifth sieu, Che and Pi, are <* and y Pegasi. 

The regents of these two asterisms are aja elcapat and ahi budhnya, 
the " one-footed goat" and the " bottom-snake," two mythical figures, of 
obscure significance, from the Vedic pantheon. 

28. Revati, " wealthy, abundant." Its presiding divinity is Pushan, 
" the prosperer," one of the Adityas. It is said to contain tl)irty-two 
stars, which are figured, like those of Cravishtha, by a drum or tabor ; 
but it would be in vain to attempt to point out precisely the thirty-two 
which are intended, or to discover in their arrangement any resemblance 
to the figure chosen to represent it. The junction-star of the group is 
said (v. 18) to be its southernmost member: all authorities agree in 
placing it upon the ecliptic, and all excepting our treatise and the 
Qakalya make its position exactly mark the initial point of the fixed 
sidereal sphere. The star intended is, as we have already often had 
occasion to notice, the faint star t, Piscium, of about the fifth magnitude, 
situated in the band which connects the two Fishes. It is indeed very 
near to the ecliptic, having only 13' of south latitude. It coincided in 
longitude with the vernal equinox in the year 572 of our era. 

At the time of al-Biruni's visit to India, the Hindus seem to have 
been already unable to point out distinctly and with confidence the sit- 
uation in the heavens of that most important point from which they 
held that the motions of the planets commenced at the creation, and at 
which, at successive intervals, their universal conjunction would again 
take place ; for he is obliged to mark the asterism as not certainly iden- 
tifiable. He also assigns to it, as to Catabhishaj, only a single star. 

The twenty-sixth Chinese sieu, Koei, is marked by % Andromeda? (4), 
which is situated only 35' east in longitude from £ Piscium, but which 
has 17° 36' of north latitude. The last manzil, Batn al-Hut, " the fish's 
belly," or ar-Risha, "the band," seems intended to include the stars com- 
posing the northern Fish, and with them probably the Chinese deter- 
minative also : but it is extended so far northward as to take in the bright 
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star § Andromedss (2), and to this star alone the name of the mansion 
is sometimes applied, although its situation, so far from the ecliptic (in 
lat. 25° 56' N.), renders it by no means suited to become the distinctive 
star of one of the series of lunar stations. 

We present, in the annexed table, a general conspectus of the corres- 
pondences of the three systems ; and, in order to bring out those corres- 
pondences in the fullest manner possible, we have made the comparison 
in three different ways : noting, in the first place, the cases in which the 
three agree with one another ; then those in which each agrees with one 
of the others ; and finally, those in which each agrees with either the 
one or the other of the remaining two. 
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* This supposes the second manzil to be composed of the stars in Musca, as 
defined by some authorities, f The sixth manzil includes, according to many 
authorities, the fifth sieu, but as there is, at any rate, a discordance in the order of 
succession, we have not reckoned this among the correspondences. J We reckon 
these two as cases of general coincidence, because, although the Chinese sieu is not 
contained in the Arab mansion, the Hindu asterism includes them both, and the 
virtual correspondence of the three systems is beyond dispute. § Here we assume 
the Chinese sieu to be comprised among the stars forming the last manzil, which is 
altogether probable, although nowhere distinctly stated. 
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Owing to the different constitution of the systems, their correspond- 
ences are somewhat diverse in character : we account the Hindu aster- 
isms and the Arab mansions to agree, when the groups which mark the 
two are composed, in whole or in part, of the same stars : we account 
the Chinese system to agree with the others, when the determinative of 
a sieu is to be found among the stars composing their groups. We 
have prefixed to the whole the numbers and titles of the Hindu aster- 
isms, for the sake of easy reference back to the preceding detailed iden- 
tifications and comparisons. 

After this exhibition of the concordances existing among the three 
systems, it can, we apprehend, enter into the mind of no one to doubt 
that all have a common origin, and are but different forms of one and 
the same system. The questions next arise — is either of the three the 
original from which the others have been derived ? and if so, which of 
them is entitled to the honor of being so regarded ? and are the other 
two independent and direct derivatives from it, or does either of them 
come from the other, or must both acknowledge an intermediate source ? 
In endeavoring to answer these questions, we will first exhibit the views 
of M. Biot respecting the origin and character of the Chinese sieu, as 
stated in the volumes for 1840 and 1859 of the Journal des Savants. 

According to Biot, the sieu form an organic and integral part of that 
system by which the Chinese, from an almost immemorial antiquity, 
have been accustomed to make their careful and industrious observations 
of celestial phenomena. Their instruments, and their methods of ob- 
servation, have been closely analogous with those in use among modem 
astronomers in the West: they have employed a meridian-circle and a 
measure of time, the clepsydra, and have observed meridian-transits, ob- 
taining right ascensions and declinations of the bodies observed. To 
reduce the errors of their imperfect time-keepers, they long ago selected 
certain stars near the equator, of which they determined with great care 
the intervals in time, and to these they referred the positions of stars or 
planets coming to the meridian between them. The stars thus chosen 
are the sieu. Twenty-four of them were fixed upon more than two 
thousand years before our era (M. Biot says, about B. C. 2357 : but it is 
obviously impossible to fix the date, by internal evidence, within a cen- 
tury or two, nor is the external evidence of a more definite character); 
the considerations which governed their selection were three : proximity 
to the equator of that period, distinct visibility — conspicuous brilliancy 
not being demanded for them — and near agreement in respect to time 
of transit with the upper and lower meridian-passages of the bright stars 
near the pole, within the circle of perpetual apparition : M. Biot finds 
reason to believe that these circumpolar stars had been earlier observed 
with special care, and made standards of comparison, and that, when 
it was afterward seen to be desirable to have stations near the equator, 
such stars were adopted as most nearly agreed with them in right ascen- 
sion. The other four, being the 8th, 14th, 21st, and 28th, the accession 
of which completed the system of twenty-eight, were added in the time 
of Cheu-Kong, about B.C. 1100, because they marked very nearly the 
positions of the equinoxes and solstices at that epoch : the bright star of 
the Pleiades, however, which had originally been made the first of the 
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series, from its near approach to the vernal equinox of that remoter era, 
still maintained, as it has ever since maintained, its rank as the first. 
Since the time of Cheu-Kong the system has undergone no farther modi- 
fication, but has been preserved unaltered and unimproved, with the 
obstinate persistency so characteristic of the Chinese, although many of 
the determinative stars have, under the influence of the precession, be- 
come far removed from the equator, one of them even having retro- 
graded into the preceding mansion. 

If the history of the Chinese sieu, as thus drawn out, is well-founded 
and true, the question of origin is already solved: the system of twenty- 
eight celestial mansions is proved to be of native Chinese institution — 
just as the system of representation of the planetary movements by epi- 
cycles is proved to be Greek by the fact that we can trace in the history 
of Greek science the successive steps of its gradual elaboration. That 
history rests, at present, upon the authority of M. Biot alone : we are 
not aware, at least, that any other investigator has gone independently 
over the same ground ; and he has not himself laid before us, in their 
original form, the passages from Chinese texts which furnish the basis 
of his conclusions. But we regard them as entitled to be received, 
upon his authority, with no slight measure of confidence : his own dis- 
tinguished eminence as a physicist and astronomer, his familiarity with 
researches into the history and archaeology of science, his access to the 
abundant material for the history of Chinese astronomy collected and 
worked up by the French missionaries at Pekin, and the zealous assist- 
ance of his son, M. Edouard Biot, the eminent Sinologist, whose prema- 
ture death, in 1850, has been so deeply deplored as a severe loss to Chi- 
nese studies — all these advantages, rarely united in such fullness in the 
person of any one student of such a subject, give very great weight to 
views arrived at by him as the results of laborious and long-continued 
investigation. Nor do we see that any general considerations of import- 
ance can be brought forward in opposition to those views. It is, in the 
first place, by no means inconsistent with what we know in other res- 
pects of the age and character of the culture of the Chinese, that they 
should have devised such a system at so early a date. They have, from 
the beginning, been as much distinguished by a tendency to observe and 
record as the Hindus by the lack of such a tendency : they have always 
attached extreme importance to astronomical labors, and to the construc- 
tion and rectification of the calendar ; and the industry and accuracy 
of their observations is attested by the use made of them by modern 
astronomers— thus, to take a single instance, of the cometary orbits 
which have been calculated, the first twenty-five rest upon Chinese ob- 
servations alone : and once more, it is altogether in accordance with the 
clever empiricism and practical shrewdness of the Chinese character that 
they should have originated at the very start a system of observation 
exceedingly well adapted to its purpose, stopping with that, working in- 
dustriously on thenceforth in the same beaten track, and never develop- 
ing out of so promising a commencement anything deserving the name 
of a science, never devising a theory of the planetary motions, never 
even recognizing and defining the true character of the cardinal phe- 
nomenon of the precession. 
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Again, although it might seem beforehand highly improbable that a 
system of Chinese invention should have found its way into the West, 
and have been extensively accepted there, many centuries before the 
Christian era, there are no so insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of such a 
communication. It is well known that in very ancient times the pro- 
ducts of the soil and industry of China were sought as objects of lux- 
ury in the West, and mercantile intercourse opened and maintained 
across the deserts of Central Asia ; it even appears that, as early as 
about B. C. 600 (Isaiah xlix. 12), some knowledge of the Sinim, as a far- 
off eastern nation, had penetrated to Babylon and Judea. On the other 
hand, we do not know how much, if at all, earlier than this it may be 
necessary to acknowledge the system of asterisms to have made its ap- 
pearance in India. The literary memorials of the earliest period, the 
Vedic period proper, present no evidence of the existence of the system : 
indeed, it is remarkable how little notice is taken of the stars by the 
Vedic poets; even the recognition of some of them as planets does not 
appear to have taken place until considerably later. In the more recent 
portions of the Vedic texts — as in the nineteenth book of the Atharva- 
Veda, a modern appendage to that modern collection, and in parts of 
the Yajur-Veda, of which there is reason to believe that the canon was 
not closed until a comparatively late period — full lists of the asterisms 
are found. The most unequivocal evidence of the early date of the sys- 
tem in India is furnished by the character of the divinities under whose 
regency the several asterisms are placed : these are all from the Vedic 
pantheon ; the popular divinities of later times are not to be found among 
them ; but, on the other hand, more than one whose consequence is lost, 
and whose names almost are forgotten, even in the epic period of Hindu 
history, appear in the list. Neither this, however, nor any other evi- 
dence known to us, is sufficient to prove, or even to render strongly prob- 
able, the existence of the asterisms in India at so remote a period that 
the system might not be believed to have been introduced, in its fully 
developed form, from China. 

If, now, we make the attempt to determine, upon internal evidence, 
which of the three systems is the primitive one, a detailed examination 
of their correspondences and differences will lead us first to the import- 
ant negative conclusion that no one among them can be regarded as the 
immediate source from which either of the other two has been derived. 
It is evident that the Hindu asterisms and the Arab man&zil constitute, 
in many respects, one and the same system : both present to us constel- 
lations or groups of stars, in place of the single determinatives of the 
Chinese sieu ; and not only are those groups composed in general of the 
same stars, but in several cases — as the 7th, 10th, 11th, and 12th mem- 
bers of the series — where they differ widely in situation from the Chi- 
nese determinatives, they exhibit an accordance with one another which 
is too close to be plausibly looked upon as accidental. But if it is thus 
made to appear that neither can have come independently of the other 
from a Chinese original, it is no less certain that neither can have come 
through the other from such an original ; for each has its own points of 
agreement with the sieu, which the other does not share — the Hindu in 
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the 9th, 13th, and 21st asterisms, the Arab in the 15th, 22nd, 23rd, 
24th, and 25th mansions. The same considerations show, inversely, that 
the Chinese system cannot be traced to either of the others as its source, 
since it agrees in several points with each one of them where that one 
differs from the third. It becomes necessary, then, to introduce an addi- 
tional term into the comparison ; to assume the existence of a fourth 
system, differing in some particulars from each of the others, in which 
all shall find their common point of union. Such an assumption is not 
to be looked upon as either gratuitous or arbitrary. Not only do the 
mutual relations of the three systems point distinctly toward it, but it is 
also supported by general considerations, and will, we think, be found to 
remove many of the difficulties which have embarrassed the history of 
the general system. It has been urged as a powerful objection to the 
Chinese origin of the twenty-eight-fold division of the heavens, that we 
find traces of its existence in so many of the countries of the West, 
geographically remote from China, and in which Chinese influence can 
hardly be supposed to have been directly felt. And it is undoubtedly 
true that neither India nor Arabia has stood in ancient times in such 
relations to China as should fit it to become the immediate recipient 
of Chinese learning, and the means of its communication to surround- 
ing peoples. The great route of intercourse between China and the 
West led over the table-land of Central Asia, and into the north- 
eastern territory of Iran, the seat of the Zoroastrian religion and cul- 
ture : thence the roads diverged, the one leading westward, the other 
south-eastward into India, through the valley of the Cabul, the true 
gate of the Indian peninsula. Within or upon the limits of this central 
land of Iran we conceive the system of mansions to have received that 
form of which the Hindu nakshatras and the Arab manazil are the 
somewhat altered representatives : precisely where, and whether in the 
hands of Semitic or of Aryan races, we would not at present attempt 
to say. There are, as has been noticed above, traces of an Iranian sys- 
tem to be found in the Bundehesh ; but this is a work which, although 
probably not later than the times of Persia's independence under her 
Sassanian rulers, can pretend to no high antiquity, and no like traces have 
as yet been pointed out in the earliest Iranian memorial, the Zendavesta. 
Weber (Ind. Literaturgeschichte, p. 221), on the other hand, sees in the 
mazzalotk and mazzarolh of the Scriptures (Job xxxviii. 32 ; II Kings 
xxiii. 5) — words radically akin with the Arabic manzil — indications of 
the early existence of the system in question among the western Semites, 
and suspects for it a Chaldaic origin : but the allusions appear to us too 
obscure and equivocal to be relied upon as proof of this, nor is it easy 
to believe that such a method of division of the heavens should have 
prevailed so far to the west, and from so ancient a time, without our 
hearing of it from the Greeks ; and especially, if it formed a part of the 
Chaldaic astronomy. This point, however, may fairly be passed over, 
as one to be determined, perhaps, by future investigations, and not of 
essential importance to the present inquiry. The question of originality 
is at least definitely settled adversely to the claims of both the Hindu 
and the Arab systems, and can only lie between the Chinese and that 
fourth system from which the other two have together descended. And 
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as concerns these, we are ■willing to accept the solution which is fur- 
nished us by the researches of M. Biot, supported as we conceive it to be 
by the general probabilities of the case. Any one who will trace out, 
by the help of a celestial globe or map,* the positions of the Chinese 
determinatives, cannot fail to perceive their general approach to a great 
circle of the sphere which is independent of the eclirjtic, and which 
accords more nearly with the equator of B. C. 2350 than with any other 
later one. The full explanations and tables of positions given by Biot 
(Journ. d. Sav., 1840, pp. 243-254) also furnish evidence, of a kind ap- 
preciable by all, that the system may have had the origin which ho 
attributes to it, and that, allowing for the limitations imposed upon it by 
its history, it is consistent with itself, and well enough adapted to the 
purposes for which it was designed. With the positions of its determin- 
ative stars seem to have agreed those of the constellations adopted by 
the common parent of the Hindu and Arab systems, excepting in five or 
six points : those points being where the Chinese make their one unac- 
countable leap from the head to the belt of Orion, and again, where the 
sieu are drawn off far to the southward, in the constellations Hydra and 
Crater : and this, in our view, looks much more as if the series of the 
sieu were the original, whose guidance had been closely followed except- 
ing in a few cases, than as if the asterisms composing the other systems 
had been independently selected from the groups of stars situated along 
the zodiac, with the intention of forming a zodiacal series. It is easy to 
see, farther, how the single determinatives of the sieu should have become 
the nuclei for constellations such as are presented by the other systems; 
but if, on the contrary, the sieu had been selected by the Chinese, in 
each case, from groups previously constituted, there appears no reason 
why their brightest stars should not have been chosen, as they were cho- 
sen later by the Hindus, in the establishment of junction-stars for the 
asterisms. 

We would suggest, then, as the theory best supported by all the evi- 
dence thus far elicited, that a knowledge of the Chinese astronomy, and 
with it the Chinese system of division of the heavens into twenty-eight 
mansions, was carried into Western Asia at a period not much later 
than B. C. 1100, and was there adopted by some western people, either 
Semitic or Iranian. That in their hands it received a new form, such as 
adapted it to a ruder and less scientific method of observation, the limit- 
ing stars of the mansions being converted into zodiacal groups or con- 
stellations, and in some instances altered in position, so as to be brought 
nearer to the general planetary path of the ecliptic. That in this 
changed form, having become a means of roughly determining and de- 
scribing the places and movements of the planets, it passed into the 
keeping of the Hindus — very probably along with the first knowledge 
of the planets themselves — and entered upon an independent career of 
history in India. That it still maintained itself in its old seat, leaving its 
traces later in the Bundehesh ; and that it made its way so far westward 
as finally to become known to, and adopted by, the Arabs. The farther 

* We propose to furnish at the close of this publication, in connection with the 
additional notes, such a map of the zodiacal zone of the heavens as will sufficiently 
illustrate the character and mutual relations of the three systems compared. 
VOL. vi. 45 
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modifications introduced into it by the latter people all have in view a 
single purpose, that of establishing its stations in the immediate neigh- 
borhood of the ecliptic : to this purpose the whole Arab system is not 
less constantly faithful than is the Chinese to its own guiding principle. 
The Hindu sustains in this respect but an unfavorable comparison with 
the others : the arbitrary introduction, in the 15th, 22nd, 23rd, and 24th 
asterisms, of remote northern stars, greatly impairs its unity, and also 
furnishes an additional argument of no slight force against its original- 
ity ; for, on the one hand, the derivation of the others from it becomes 
thereby vastly more difficult, and, on the other, we can hardly believe 
that a system of organic Indian growth could have become disfigured in 
India by such inconsistencies; they wear the aspect, rather, of arbitrary 
alterations made, at the time of its adoption, in an institution imported 
from abroad. 

It might, at first sight, appear that the adoption by the Arabs of the 
tnanzil corresponding to Acvini as the first of their series indicated that 
they had derived it from India posterior to the transfer by the Hindus 
of the first rank from Krttika, the first of the sieu, to Acvini : but the 
circumstance seems readily to admit of another interpretation. The 
names of many of the Arab mansions show the influence of the Greek 
astronomy, being derived from the Greek constellations : the same influ-. 
ence would fully explain an arrangement which made the series begin 
with the group coinciding most nearly with the beginning of the Greek 
zodiac. The transfer on the part of the Hindus, likewise, was unques- 
tionably made at the time of the general reconstruction of their astro- 
nomical system under the influence of western science. The two series 
are thus to be regarded as having been brought into accordance in this 
respect by the separate and independent working of the same cause. 

M. Biot insists strongly, as a proof of the non-originality of the sys- 
tem of asterisms among the Hindus, upon its gross and palpable lack 
of adaptedness to the purpose for which they used it ; he compares it 
to a gimlet out of which they have tried to make a saw. In this view 
we can by no means agree with him : we would rather liken it to a 
hatchet, which, with its edge dulled and broken, has been turned and 
made to do duty as a hammer, and which is not ill suited to its new and 
coarser office. Indeed, taking the Hindu system in its more perfect 
and consistent form, as applied by the Arabs, and comparing it with the 
Chinese sieu at any time within the past two thousand years, we are by 
no means sure that the advantage in respect to adaptation would not be 
generally pronounced to be upon the side of the former. The distance 
of many of the sieu during that period from the equator, the faintness 
of some among them, the great irregularity of their intervals, render 
them anything but a model system for measuring distances in right 
ascension. On the other hand, to adopt a series of conspicuous constel- 
lations along the zodiac, by their proximity to which the movements of 
the planets shall be marked, is no unmotived proceeding : just such a 
division of the ecliptic among twelve constellations preceded and led the 
way to the Greek method of measuring by signs, having exact limits, 
and independent of the groups of stars which originally gave name to 
them. M. Biot's error lies in his misapprehension, in two important 
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respects, of the character of the Hindu asterisms : in the first place, he 
constantly treats them as if they were, like the sieu, single stars, the in- 
tervals between whose circles of declination constituted the accepted 
divisions of the zodiac ; and in the second place, he assumes them to 
have been established for the purpose of marking the moon's daily pro- 
gress from point to point along the ecliptic. Now, as regards the first 
of these points, we have already shown above that the conversion of the 
Chinese determinatives into constellations took place, in all probability, 
before their introduction to the knowledge of the Hindus : there is, in- 
deed, an entire unanimity of evidence to the effect that the Hindu sys- 
tem is from its inception one of groups of stars : this is conclusively 
shown by the original dual and plural names of the asterisms, or by their 
otherwise significant titles — compare especially those of the 13th and 
25th of the series. The selection of a "junction-star" to represent the 
asterism appears to be something comparatively modern : we regard it 
as posterior to the reconstruction of the Hindu astronomy upon a truly 
scientific basis, and the determination, by calculation, of the precise pla- 
ces of the planets : this would naturally awaken a desire for, and lead 
to, a similarly exact determination of the position of some star repre- 
senting each asterism, which might be employed in the calculation of 
conjunctions, for astrological purposes; the astronomical uses of the 
system being no longer of much account after the division of the ecliptic 
into signs. And the choice of the junction-star has fallen, in the ma- 
jority of cases, not upon the Chinese determinative itself, but upon some 
other and more conspicuous member of the group originally formed 
about the latter. Again, there is an entire absence of evidence that the 
" portions" of the asterisms, or the arcs of the ecliptic named from them, 
were ever measured from junction-star to junction-star : whatever may 
be the discordance among the different authorities respecting their extent 
and limits, they are always freely, and often arbitrarily, taken from parts 
of the ecliptic adjacent to, or not far removed from, the successive con- 
stellations. 

As regards the other point noticed, it is, indeed, not at all to be won- 
dered at that M. Biot should treat the Hindu nakshatras as a system 
bearing special relations to the moon, since, by those who have treated 
of them, they have always been styled "houses of the moon," "moon- 
stations," " lunar asterisms," and the like. Nevertheless, these designa- 
tions seem to be founded only in carelessness, or in misapprehension. 
In the Surya-Siddhanta, certainly, there is no hint to be discovered of 
any particular connection between them and the moon, and for this rea- 
son we have been careful never to translate the term nakshatra by any 
other word than simply " asterism." Nor does the case appear to have 
been otherwise from the beginning. No one of the general names for 
the asterisms (nakshatra, bha, dhishnya) means literally anything more 
than " star" or "constellation" : their most ancient and usual appella- 
tion, nakshatra, is a word of doubtful etymology (it may be radically 
akin with nakta, nox, ri$, " night"), but it is not infrequently met with 
in the Vedic writings, with the general signification of " star," or 
" group of stars" : the moon is several times designated as " sovereign 
of the nakshatras," but evidently in no other sense than that in which 
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we style her "queen of night"; for the same title is in other passages 
given to the sun, and even also to the Milky Way. "When the name 
came to be especially applied to the system of zodiacal asterisms, we 
have seen above that a single one of the series, the 5th, was placed un- 
der the regency of the moon, as another, the 13th, under that of the 
sun : this, too, by no means looks as if the whole design of the system 
was to mark the moon's daily motions. Naturally enough, since the 
moon is the most conspicuous of the nightly luminaries, and her revolu- 
tions more rapid and far more important than those of the others, the 
asterisms would practically be brought into much more frequent use in 
connection with her movements : their number, likewise, being nearly 
accordant with the number of days of her sidereal revolution, could not 
but tempt those who thus employed them to set up an artificial relation 
between the two. Hence the Arabs distinctly call their divisions of the 
zodiac, and the constellations which mark them, " houses of the moon," 
and, until the researches of M. Biot, no one, so far as we are aware, had 
ever questioned that the number of the asterisms or mansions, wherever 
found, was derived from and dependent on that of the days in the 
moon's revolution. It was most natural, then, that Western scholars, 
having first made acquaintance with the Arab system, should, on finding 
the same in India, call it by the same name : nor is it very strange, even, 
that Ideler should have gone a step farther, and applied the familiar title 
of " lunar stations" to the Chinese sieu also ; an error for which he is 
sharply criticised by M. Biot (Journ. d. Sav., 1859, p. 480). The latter 
cites from al-Biruni (Journ. d. Sav. 1845, p. 49 ; 1859, pp. 487-8) two 
passages derived by him from Varaha-mihira and Brahmagupta respect- 
ively, in which are recorded attempts to establish a systematic relation 
between the asterisms and the moon's true and mean daily motions. 
One of these passages is exceedingly obscure, and both are irreconcila- 
ble with one another, and with what we know of the system of aster- 
isms from other sources : two conclusions, however, bearing upon the 
present matter, are clearly derivable from them : first, that, as the " por- 
tions" assigned to the asterisms had no natural and fixed limits, it was 
possible for any Hindu system-maker so to define them as to bring them 
into a connection with the moon's daily motions : and secondly, that 
such a connection was never deemed an essential feature of the system, 
and hence no one form of it was generally recognized and accepted. 
The considerations adduced by us above are, we think, fully sufficient to 
account for any such isolated attempts at the establishment of a con- 
nection as al-filruni, who naturally sought to find in the Hindu naksha- 
tras the correlatives of his own manazil al-kamar, was able to discover 
among the works of Hindu astronomers : there is no good reason why 
we should deprive the former of their true character, which is that of 
zodiacal constellations, rudely marking out divisions of the ecliptic, and 
employable for all the purposes for which such a division is demanded. 

The reason of the variation in the number of the asterisms, which are 
reckoned now as twenty-eight and now as twenty-seven, is a point of no 
small difficulty in the history of the system. M. Biot makes the acute 
suggestion that the omission of Abhijit from the series took place be- 
cause the mansion belonging to that asterism was on the point of becom- 
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ing extinguished, the circle of declination of its junction-star being 
brought by the precession to a coincidence with that of the junction-star 
of the preceding asterism about A. D. 972. But it has been shown 
above that M. Biot's view of the nature of a nakshatra — that it is, 
namely, the arc of the ecliptic intercepted between the circles of declina- 
tion of two successive junction-stars — is altogether erroneous : however 
nearly those circles might approach one another, there would still be no 
difficulty in assigning to each asterism its " portion" from the neighbor- 
ing region of the ecliptic. Again, this explanation would not account 
for the early date of the omission of Abhijit, which, as already noticed, 
is found wanting in one of the most ancient lists, that of the Taittiriya- 
Sanhita. It is to be observed, moreover, that M. Biot, in calculating the 
period of Abhijit's disappearance, has adopted i Sagittarii as the junc- 
tion-star of Uttara-Ashadha, while we have shown above that c, and 
not t, is to be so regarded : and this substitution would defer until sev- 
eral centuries later the date of coincidence of the two circles of declina- 
tion. According to the Hindu measurements, indeed (see the table of 
positions of the junction-stars, near the beginning of this note), Abhijit 
is farther removed from the preceding asterism, both in polar longitude 
and in right ascension, than are five of the other asterisms from their 
respective predecessors: nor does the Hindu astronomical system ac- 
knowledge or make allowance for the alteration of position of the circles 
of declination under the influence of the precession : their places, as 
data for the calculation of conjunctions, are ostensibly laid down for all 
future time. For these various reasons, M. Biot's explanation is to be 
rejected as insufficient. A more satisfactory one, in our opinion, may 
be found in the fact, illustrated above (see Fig. 31, beginning of this 
note), that the asterisms are in general so distributed as to accord quite 
well with a division of the ecliptic into twenty-seven equal portions, 
but not with a division into twenty-eight equal portions ; that the 
region where they are too much crowded together is that from the 20th 
to the 23rd asterism, and that, among those situated in this crowded 
quarter, Abhijit is farthest removed from the ecliptic, and so is more 
easily left out than any of the others, in dividing the ecliptic into por- 
tions. We cannot consider it at all doubtful that Abhijit is as originally 
and truly a part of the system of asterisms as any other constellation 
in the series, which is properly composed of twenty-eight members, and 
not of twenty-seven : the analogy of the other systems, and the fact 
that treatises like this Siddhanta, which reckon only twenty-seven divi- 
sions of the ecliptic, are yet obliged, in treating of the asterisms as con- 
stellations, to regard them as twenty-eight, are conclusive upon this 
point. The whole difficulty and source of discordance seems to lie in 
this — how shall there, in any systematic method of division of the eclip- 
tic, be found a place and a portion for a twenty-eighth asterism ? The 
Khanda-Kataka, as cited by al-Biruni — in making out, by a method 
which is altogether irrespective of the actual positions of the asterisms 
with reference to the zodiac, the accordance already referred to between 
their portions and the moon's daily motions — allots to Abhijit so much 
of the ecliptic as is equivalent to the mean motion of the moon during 
the part of a day by which her revolution exceeds twenty-seven days. 
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Others allow it a share in the proper portions of the two neighboring 
asterisms : thus the Muhurta-Mala, a late work, of date unknown to us, 
says : " the last quarter of Uttara-Ashadha and the first fifteenth of 
Cravana together constitute Abhijit : it is so to be accounted when 
twenty-eight asterisms are reckoned ; not otherwise." Ordinarily, how- 
ever, the division of the ecliptic into twenty-seven equal " portions" is 
made, and Abhijit is simply passed by in their distribution. After the 
introduction of the modern method of dividing the circle into degrees 
and minutes, this last way of settling the difficulty would obviously re- 
ceive a powerful support, and an increased currency, from the fact that 
a division by twenty-seven gave each portion an even number of min- 
utes, 800, while a division by twenty-eight yielded the awkward and 
unmanageable quotient lllf . 

Much yet remains to be done, before the history and use of the sys- 
tem of asterisms, as a part of the ancient Hindu astronomy and astrol- 
ogy, shall be fully understood. There is in existence an abundant liter- 
ature, ancient and modern, upon the subject, which will doubtless at 
some time provoke laborious investigation, and repay it with interesting 
results. To us hardly any of that literature is accessible, and only the 
final results of wide-extended and long-continued studies upon it could 
be in place here. We have already allotted to the nakshalras more 
space than to some may seem advisable : our excuse must be the in- 
terest of the history of the system, as part of the ancient history of 
the rise and spread of astronomical science ; the importance attaching 
to the researches of M. Biot, the inadequate attention hitherto paid 
them, and the recent renewal of their discussion in the Journal des Sa- 
vants ; and finally and especially, the fact that in and with the asterisms 
is bound up the whole history of Hindu astronomy, prior to its trans- 
formation under the overpowering influence of western science. In the 
modern astronomy of India, the nakshatrass are of subordinate conse- 
quence only, and appear as hardly more than reminiscences of a former 
order of things : from the Surya-Siddhanta might be struck out every 
line referring to them, without serious alteration of the character of the 
treatise. 

Before bringing this note to a close, we present, in the annexed table, 
a comparison of the true longitudes and latitudes of the junction-stars 
of the twenty-eight asterisms, as derived by calculation from the posi- 
tions stated in our text, with the actual longitudes and latitudes of the 
stars with which they are probably to be identified. In a single case, 
(the 27th asterism), we compare the longitude of one star and the lati- 
tude of another ; the reason of this is explained above, in connection 
with the identification of the asterism. We add columns giving the 
errors of the Hindu determinations of position : in that for the latitude 
north direction is regarded as positive, and south direction as negative. 

Upon examining the column of errors of latitude presented in this 
table, it will be seen that they are too considerable, and too irregular, 
both in amount and in direction, to be plausibly accounted for other- 
wise than as direct errors of observation and calculation. The grossest 
of them, as has already been pointed out, are committed in the measure- 
ment of southern latitudes, when of considerable amount, and they are 
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Positions, and Errors 


of Position, of the Junction-Stars of the Asterisms. 






Longitude. A. D. 560. 


Latitude. 




No. 


Name. 


Hindu. 


True. 


Hindu 
error. 


Hindu. 


True. 


Hindu 
error. 


Star compared. 






O f 


' 


1 


; 


/ 


/ 




I 


Acvini, 


II 59 


i3 56 


-I 5 7 


9 11 N. 


8 28 N. 


+ 43 


3 Arietis. 


2 


Bharani, 


24 35 


26 54 


-2 19 


11 6 " 


II 17 " 


- 1 1 35 Arietis, a Muscat 


3 


Krttiki, 


39 8 


3 9 58 


- 5o 


4 44" 


4 1" 


+ 43^ Tauri, Alcyone. 


4 


Rohini, 


48 9 


49 45 


-1 36 


449S. 


5 3oS. 


+ 4i|a Tauri, Aldebaran. 


5 


Mrgacireha, 


61 3 


63 40 


- 2 37 


9 49 " 


i3 25 " 


+ 3 36^ Ononis. 


6 


Ardni, 


65 5o 


68 43 


-2 53 


8 53" 


16 4" 


+ 7 11 a Orionis. 


7 


Punarvasu, 


92 52 


93 i4 


- 22 


6 oN. 


639N. 


- 39 3 Geinin., Pollux. 


8 


Pushya, 


106 


108 42 


- 2 42 





4" 


-0 4 


8 Cancri. 


9 


Aclesha, 


109 59 


112 20 


- 2 21 


6 56 S. 


11 8 8. 


+ 4 12 


£ Hydrce. 


10 


Magna, 


129 


129 49 


-049 





27 N. 


-0 27 


a Leonis, Regulus. 


it 


P.-Phalguni, 


1 3 9 58 


r4i i5 


- 1 17 


11 19 N. 


i4 19 " 


-3 


8 Leonis. 


12 


U.-Phalgunt, 


i5o 10 


i5i 37 


- 1 37 


12 5 " 


12 17 " 


- 12 


3 Leonis. 


i3 


Hasta, 


174 22 


173 271 +0 55 10 6 S. 


12 10 S- 


+ 2 4 


S Corvi. 


«4 


Citra, 


180 48 


1 83 49! -3 11 5o " 


22" 


+ 012 


a Virginis, Spica. 


15 


Svati, 


i83 2 


184 12! - 1 ic-33 5oN. 


3o5 7 N. 


+ 2 53 


a Bootis, Arcturus. 


16 


Vicakhil, 


2i3 3i 


211 0] + 2 3i 


1 25 S. 


1 48 S. 


+ 023 


1 Libra. 


17 


Anuradba, 


324 44 


222 341 + 2 10 


2 52 " 


1 5 7 " 


-o55 


S Scorpion is. 


18 


Jyeshtha, 


23o 7 


229 44 + O 23 


3 5o" 


4 3i " 


+ 041 


a Scorp., Antares. 


19 


Mula, 


242 52 


244 33 


- 1 4i 


8 48" 


i3 44 " 


+ 4 56 


% Scorpionis. 


20 


P.-Ashadha, 


254 39 


254 32 


+ 07 


5 28" 


625 " 


+ 057 


8 Sagittarii. 


21 


U.-xVshadha, 


260 23 


262 21 


-1 58 


4 59" 


3 24" 


- I 25 


a Sagittarii. 


22 


Abhijit, 


264 10 


265 1 5 


-1 559 58 N. 


6t 46 N. 


-1 48 


a Lyra, Vega. 


23 


Cravana, 


282 29 


281 41 


+ 0482954" 


29 19 " 


+ o35 


a, Aquilse, Atair. 


24 


yravishthit, 


296 5 


296 191 - i435 33 " 


3i 57 " 


+ 3 36 


i3 Delphini. 


25 


Qatabliishaj, 


319 5o 


32i 33 


- 1 43 


28 S. 


23 S. -0 5 


% Aquarii. 


26 


P.-Bhadrapada, 


334 25 


333 27 


+ o58 


22 3oN- 


19 25 N. 


+ 3 5 


a Pegasi. 


27 


U.-Bhadrapada, 


347 16 


349 8 


- I 52 


24 1 " 


25 4i " 


- 1 4o 


y Peg. & a Androm. 


28 


Revati, 


359 5o 359 5o 





i3S. 


+ i3 


£ Piscium. 



all in the same direction, giving the star a place too far to the north. 
The column of errors in longitude, on the other hand, shows a very- 
marked preponderance of minus errors, their sum being 33° 54', while 
the sum of plus errors is only 7° 52'. Upon taking the difference of 
these sums, and dividing it by twenty-eight, we find the average error 
of longitude to be - 56', the greatest deviation from it in either direction 
being - 2° 4' and + 3° 27'.* So far as this goes, it would indicate that 
the Hindu measurements of position were made from a vernal equinox 
situated about 1° to the eastward of that of A. D. 560, and so at a time 
seventy years previous to the date we have assumed for them, or about 
A. D. 490. In our present ignorance of the methods of observation 

* In a comparison in which a high degree of exactness was desired, and was not, 
in the nature of the case, unattainable, it would of course be necessary to take into 
account the proper motions of the stars compared. This we have not thought it 
worth while, in the present instance, to do. We may remark, however, that the 
junction-star of the 15th asterism, Arcturus, has a much greater proper motion than 
any other in the series ; and that, if this were allowed for, according to its value as 
determined by Main (Mem. Roy. Astr. Soc, vol. xix, 4to, 1851), the Hindu error of 
longitude would be diminished about 22', but that of latitude increased about 35'. 
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employecl by the Hindus for this purpose, such a determination of date 
cannot, indeed, be relied upon as exact or conclusive, yet it is the best 
and surest that we can attain. The general conclusion, at any rate, 
stands fast, that the positions of the junction-stars of the asterisms were 
fixed not far from the time when the vernal equinox coincided with the 
initial point of the Hindu sidereal sphere, or during the sixth century 
of our era. 

Since, according to the Hindu theory, the initial point of the sidereal 
sphere is also, for all time, the mean place of the vernal equinox, which 
always reverts to it after a libration of 27° in either direction (see above, 
iii. 9-12), we are not surprised to find the positions of the asterisms pri- 
marily defined upon the supposition of their coincidence. But it is not 
a little strange that the effect of the precession in altering the direction 
of the circles of declination drawn through the junction-stars, and so the 
polar longitudes and latitudes of the latter, should be made no account 
of (see, however, the latter half of v. 12, below, and the note upon it), 
and that directions for calculating the conjunctions of the planets with 
the asterisms according to their positions as thus stated should be given 
( yv . 14-15), unaccompanied by any hint that a modification of the data 
of the process would ever be found necessary. This carelessness is per- 
haps to be regarded as an additional evidence of the small importance 
attached, after the reconstruction of the Hindu astronomy, to calcula- 
tions in which the asterisms were concerned ; although it also tends 
strongly to prove what we have suggested above (note to iii. 9-12), that 
in the construction of the Hindu astronomical system the precession was 
ignored altogether. It is to be noticed that the two systems of yogas (see 
above, ii. 65^ and additional note upon that passage), originally founded 
upon actual conjunctions with the asterisms, have been divorced from 
any real connection with them. A like consideration might restrain us 
from accepting the determinations of position here presented as the best 
results which Hindu observers and instruments were capable of attaining ; 
vet, in the absence of other tests of their powers, we cannot well help 
"drawing the conclusion that the accuracy of a Hindu observation is not 
to be relied on within a degree or two. 

10. Agastya is at trie end of Gemini, and eighty degrees south ; 
and MrgavySdha is situated in the twentieth degree of Gemini ; 

11. His iatitude (vikshepa), reckoned from his point of declina- 
tion (apah-ama), is forty degrees south: Agni (hutabhuj) and Brah- 
mahrdaya are in Taurus, the twenty-second degree ; 

12. And they are removed in latitude (viJcshipta), northward, 
eight and thirty degrees respectively. . . . 

In connection with the more proper subject of this chapter we also 
have laid before us, here and in a subsequent passage (vv. 20-21), the 
defined positions of a few fixed stars which are not included in the sys- 
tem of zodiacal asterisms. The definition is made in the same manner 
as before, by polar longitudes and latitudes. It is not at all difficult to 
identify the stars referred to in these verses ; they were correctly pointed 
out by Colebrooke, in his article already cited (As. Res., vol. ix). Agas- 
tya is « Navis, or Canopus, a star of the first magnitude, and one of the 
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most brilliant in the southern heavens. Its remote southern position, 
only 3*7° from the pole, renders it invisible to an observer stationed much 
to the northward of the Tropic of Cancer. Its Hindu name is that of 
one of the old Vedic rshis, or inspired sages. The comparison of its 
true position with that assigned it by our text — which, in this instance, 
does not require to be reduced to true longitude and latitude — is as 
follows : 

Agastya .... 90 o' .... 8o° o' S. 
Canopus .... 85° 4' .... 75° 5o' S. 

The error of position is here very considerable, and the variations of 
the other authorities from the data of our text are correspondingly great. 
The Siddhanta-Qiromani and (according to Colebrooke) the Brahma- 
Siddhanta give Agastya 87° of polar longitude, and 77° of latitude, 
which is a fair approximation to the truth : the Graha-Laghava also 
places it correctly in lat. 76° 8., but makes its longitude only 80°, which 
is as gross an error as that of the Surya-Siddhanta, but in the opposite 
direction. The Cakalya-Sanhita agrees precisely with our treatise as 
respects the positions of these four stars, as it does generally in the 
numerical data of its astronomical system. 

Mrgavyadha, " deer-hunter" — it is also called Lubdhaka, " hunter" — 
is a Canis Majoris, or Sirius, the brightest of the fixed stars : 
Mrgavyadha .... 76° 23' ... . 39° 52' S. 
Sirius 84° 7' . . . . 3 9 ° 3a' S. 

Here, while all authorities agree with the correct determination of the 
latitude of Sirius presented by our text, the Siddhanta-Qiromani etc. 
greatly reduce its error of longitude, by giving the star 86°, instead of 
80°, of polar longitude : the Graha-Laghava reads 81°. 

The star named after the god of fire, Agni, and called in the text by 
one of his frequent epithets, hutabhuj, " devourer of the sacrifice," is the 
one which is situated at the extremity of the northern horn of the Bull, 
or (? Tauri : it alone of the four is of the second magnitude only : 

Agni 54° 5' .... 7 44' N. 

/3 Tauri .... 62° 3a' .... 5° 22' N. 

The very gross error in the determination of the longitude of this star 
is but slightly reduced by the Graha-Laghava, which gives it 53°, instead 
of 52°, of polar longitude. The Siddhanta-Ciromani and Brahma-Sid- 
dhanta omit all notice of any of the fixed stars excepting Canopus and 
Sirius. 

Brahmahrdaya, " Brahma's heart," is a Aurigse, or Capella : 
Brahmahrdaya .... 6o° 29' ... . 28° 53' N. 
Capella 6i° 5o' . . . . 22° 52' N. 

The Graha-Laghava, leaving this erroneous determination of latitude 
unamended, adds a greater error of longitude, in the opposite direction 
to that of our text, by giving the star 4° more of polar longitude. 

We shall present these comparisons in a tabular form at the end of the 
chapter, in connection with the other passage of similar import. 

12. . . . Having constructed a sphere, one may examine the 
corrected (sphuta) latitude and polar longitude (dhruvaka). 
vol. vi. 46 
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What is the true meaning and scope of this passage, is a question with 
regard to which there may be some difference of opinion. The com- 
mentator explains it as intended to satisfy the inquiry whether the polar 
longitudes and latitudes, as stated in the text, are constant, or whether 
they are subject to variation. Now although, he says, owing to the 
precession, the values of these quantities are not unalterably fixed, yet 
they are given by the text as they were at its period, and as if they were 
constant, while the astronomer is directed to determine them for his own 
time by actual observation. For this purpose he is to take such a sphere 
as is described below (chap, xiii) — of which the principal parts, and the 
only ones which would be brought into use in this process, are hoops or 
circles representing the colures, the equator, and the ecliptic — and is to 
suspend upon its poles an additional movable circle, graduated to de- 
grees : this would be, of course, a revolving circle of declination. The 
sphere is next to be adjusted in such manner that its axis shall point to 
the pole, and that its horizon shall be water-level. Then, in the night, 
the junction-star of Revati (£ Piscium) is to be looked at through a hole 
in the centre of the instrument, and the corresponding point of the 
ecliptic, which is 10' east of the end of the constellation Pisces, is to be 
brought over it ; after that, it will be necessary only to bring the revolv- 
ing circle of declination, as observed through the hole in the centre of 
the instrument, over any other star of which it is desired to determine 
the position, and its polar longitude and latitude may be read off directly 
upon the ecliptic and the movable circle respectively. 

Colebrooke (As. Res., ix. 326 ; Essays, ii. 324) found this passage 
similarly explained in other commentaries upon the Surya-Siddhanta to 
which he had access, and also met with like directions in the commen- 
taries on the Siddhanta-Qiromani. 

There are, however, very serious objections to such an interpretation 
of the brief direction contained in the text. It is altogether inconsist- 
ent with the whole plan and method of a Hindu astronomical treatise to 
leave, and even to order, matters of this character to be determined by 
observation. Observation has no such important place assigned to it in 
the astronomical system : with the exception of terrestrial longitude and 
latitude, which, in the nature of things, are beyond the reach of a trea- 
tise, it is intended that the astronomer should find in his text-book every- 
thing which he needs for the determination of celestial phenomena, and 
should resort to instruments and observation only by way of illustration. 
The sphere of which the construction is prescribed in the thirteenth 
chapter is not an instrument for observation : it is expressly stated to be 
" for the instruction of the pupil," and it is encumbered with such a 
number and variety of different circles, including parallels of declination 
for all the asterisms and for the observed fixed stars, that it could not 
be used for any other purpose : it will be noticed, too, that the com- 
mentary is itself obliged to order hero the addition of the only appli- 
ances the revolving circle of declination and the hole through the cen- 
tre which make of it an instrument for observation. The simple and 

original meaning of the passage seems to be that, having constructed a 
sphere in the manner to be hereafter described, one may examine the 
places of the asterisms as marked upon it, and note their coincidence 
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with the actual positions of the stars in the heavens. And we would 
regard the other interpretation as forced upon the passage by the com- 
mentators, in order to avoid the difficulty pointed out by us above (near 
the end of the note on the last passage but one) and to free the Sid- 
dhanta from the imputation of having neglected the precessional varia- 
tion of the circles of declination. M. Biot pronounces the method of 
observation explained by the commentators "almost impracticable," 
and it can, accordingly, hardly be that by which the positions of the as- 
terisms were at first laid down, or by which they could be made to un- 
dergo the necessary corrections. Another method, more in accordance 
with the rules and processes of the third chapter, and which appears to 
us to be more authentic and of higher value, is described by Colebrooke 
(as above) from the Siddhanta-Sarvabhauma, being there cited from the 
Siddhanta-Sundara ; it is as follows : 

" A tube, adapted to the summit of the gnomon, is directed toward 
the star on the meridian : and the line of the tube, pointed to the star, 
is prolonged by a thread to the ground. The line from the summit of 
the gnomon to the base is the hypothenuse ; the height of the gnomon 
is the perpendicular ; and its distance from the extremity of the thread 
is the base of the triangle. Therefore, as the hypothenuse is to its base, 
so is the radius to a base, from which the sine of the angle, and conse- 
quently the angle itself, are known. If it exceed the latitude [of the 
place of observation], the declination is south ; or, if the contrary, it is 
north. The right ascension of the star is calculated from the hour of 
night, and from the right ascension of the sun for that time. The decli- 
nation of the corresponding point of the ecliptic being found, the sum 
or difference of the declinations, according as they are of the same or of 
different denominations, is the distance of the star from the ecliptic. The 
longitude of the same point is computed ; and from these elements, with 
the actual precession of the equinox, may be calculated the true longi- 
tude of the star ; as also its latitude on a circle passing through the poles 
of the ecliptic." 

The Siddhanta-Sarvabhauma also gives the true longitudes and lati- 
tudes of the asterisms, professedly as thus obtained by observation and 
calculation, and they are reported by Colebrooke in his general table of 
data respecting the asterisms. 

If we are not mistaken, the amount and character of the errors in the 
stated latitudes of the asterisms tend to prove that this, or some kindred 
process, was that by which their positions were actually determined. 

13. In Taurus, the seventeenth degree, a planet of which the 
latitude is a little more than two degrees, south, will split the 
wain of Eohiril. 

The asterism Rohini, as has been seen above, is composed of the five 
principal stars in the head of Taurus, in the constellation of which is 
seen the figure of a wain. The divinity is Prajapati. The distances of 
its stars in longitude from the initial point of the sphere, vary from 45° 
46' (•/) to 49° 45' («) : hence the seventeenth degree of the second 
sign — the reckoning commencing at the initial point of the sphere, taken 
as coinciding also with the vernal equinox — is very nearly the middle of 
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the wain. The latitude of its stars, again, varies from 2° 36' (e) to 5° 
47' (#) S. ; hence, to come into collision with, or to enter, the wain, a 
planet must have more than two degrees of south latitude. The Sid- 
dhanta does not inform us what would be the consequences of such an 
occurrence ; that belongs rather to the domain of astrology than of as- 
tronomy. We cite from the Pancatantra (vv. 238-241) the following 
description of these consequences, derived from the astrological writings 
of Varaha-mihira :* 

" When Saturn splits the wain of Rohinl here in the world, then 
Madhava rains not upon the earth for twelve years. 

"When the wain of Prajapati's asterism is split, the earth, having 
as it were committed a sin, performs, in a manner, her surface being 
strewn with ashes and bones, the kapalika penance. 

" If Saturn, Mars, or the descending node splits the wain of Rohini, 
why need I say that, in a sea of misfortune, destruction befalls the world ? 

" When the moon is stationed in the midst of Rohini's wain, then 
men wander recklessly about, deprived of shelter, eating the cooked 
flesh of children, drinking water from vessels burnt by the sun." 

Upon what conception this curious feature of the ancient Hindu as- 
trology is founded, we are entirely ignorant. 

14. Calculate, as in the case of the planets, the day and night 
of the asterisms, and perform the operation for apparent longi- 
tude (drkkarmari), as before : the rest is by the rules for the con- 
junction (melaka) of planets, using the daily motion of the planet 
as a divisor : the same is the case as regards the time. 

15. When the longitude of the planet is less than the polar 
longitude (dhruvaka) of the asterism, the conjunction (yoga) is to 
come ; when greater, it is past : when the planet is retrograding 
(vakragati), the contrary is to be recognized as true of the con- 
junction (samdgama). 

The rules given in the preceding chapter for calculating the conjunc- 
tion of two planets with one another apply, of course, with certain mod- 
ifications, to the calculation of the conjunctions of the planets with the 
asterisms. The text, however, omits to specify the most important of 
these modifications — that, namely, in determining the apparent longi- 
tude of an asterism, one part of the process prescribed in the case of a 
planet, the ayanadrkkarman, or correction for ecliptic deviation, is to be 
omitted altogether ; since the polar longitude of the asterism, which is 
given, corresponds in character with the ayana graha, or longitude of 
the planet as affected by ecliptic deviation, which must be ascertained 
by the ayanadrkkarman. The commentary notices the omission, but 
offers neither explanation nor excuse for it. The other essential modifi- 
cation — that, the asterism being fixed, the motion of the planet alone is 

* Our translation represents the verses as amended in their readings by Benfey 
(Pantschatantra etc, 2r Theil, nn. 234-237). In the third of the verses, however, 
the reading of the published text, fa.fi, " moon," would seem decidedly preferable to 
fikhi, " descending node" ; since the node, being always necessarily in the ecliptic, 
can never come into collision with Rohini's wain. 
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to be used as divisor in determining the place and time of the conjunc- 
tion — is duly noticed. 

The inaccuracies in the Hindu process for determining apparent lon- 
gitudes, which, as above noticed, are kept within bounds, where the 
planets alone are concerned, by the small amount of their latitudes, 
would be liable in the case of many of the asterisms to lead to grave er- 
rors of result. 

16. Of the two Phalgunis, the two Bhadrapadas, and likewise 
the two Ashadhas, of Vigakha, Agvini, and Mrgagirsha (sdumya), 
the junction-star (yogatdrd) is stated to be the northern {uttara) : 

17. That which, is the western northern star, being the second 
situated westward, that is the junction-star of Hasta; of Qra- 
vishtha it is the western : 

18. Of JyeshthS, Qravana, Anuradha (maitra), and Pushya 
(bdrhaspatya), it is the middle star : of Bharani, Krttika" (dgneya), 
and Magna {pitrya), and likewise of Bevati, it is the southern: 

19. Of Bohini, Punarvasu (dditya), and Mula, it is the eastern, 
and so also of Aglesha (sdrpa) : in the case of each of the others, 
the junction-star (yogatdrakd) is the great (sthula) one. 

We have had occasion above, in treating of the identification of the 
asterisms, to question the accuracy of some of these designations of the 
relative position of the junction-stars in the groups containing them. 
We do not regard the passage as having the same authenticity and 
authority with that in which the determinations of the polar longitudes 
and latitudes are given ; and indeed, we are inclined to suspect that all 
which follows the fifteenth verse in the chapter may be a later addition 
to its original content. It is difficult to see otherwise why the state- 
ments given in verses 20 and 21 of the positions of certain stars should 
be separated from those presented above, in verses 10-12. A designa- 
tion of the relative position of the junction-star in each group ought also 
properly to be connected with a definition of the number of stars com- 
posing each, and a description of its configuration — such as are presented 
along with it by other treatises, as the Qakalya-Sanhita. The first is even 
in some points ambiguous unless accompanied by the others, since there 
are cases in which the same star has a different position in its asterism 
according as the latter is to be regarded as including a less or a greater 
number of stars. In this respect also, then, the passage looks like a dis- 
connected fragment. Nor is the method of designation so clear and 
systematic as to inspire us with confidence in its accuracy. "Upon a 
consideration of the whole series of asterisms, it is obvious that the 
brightest member of each group is generally selected as its junction-star. 
Hence we should expect to find a general rule to that effect laid down, 
and then the exceptions to it specially noted, together with the cases in 
which such a designation would be equivocal. Instead of this, we have 
the junction-stars of only two asterisms containing more than one star, 
namely Abhijit and Qatabhishaj, described by their superior brilliancy, 
while that of the former is not less capable of being pointed out by its 
position than are any of the others in the series. Again, there are cases 
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in which it is questionable which star is meant to be pointed out in a 
group of which the constitution is not doubtful, owing to the very near 
correspondence of more than one star with the position as defined. And 
once more, where, in a single instance, a special effort has apparently 
been made to fix the position of the junction-star beyond all doubt or 
cavil, the result is a failure ; for it still remains a matter of dispute how 
the description is to be understood, and which member of the group is 
intended. The case referred to is that of Hasta, which occupies nearly 
all of verse 17. That Colebrooke was not satisfied as to the meaning of 
the description is clear from the fact that he specifies, as the star referred 
to, "y or § Corvi." His translation of the verse, " 2nd W. of 1st N. W.", 
conveys to us no intelligible meaning whatever, as applied to the actual 
group. He evidently understood pafdmottaratdrdyd as a single word, 
standing by euphony for -tdrdy&s, ablative of -tdrd. Our own render- 
ing supposes it divided into the two independent words pafcimotla- 
rat&ra yd, or the three pafcimd uttaratdrd yd. This interpretation is, in 
the first place, supported by the corresponding passage in the Qakalya- 
Sanhita, which reads, " of Hasta, the north-western (ydyavi) : it is also 
the second western." Again, it applies without difficulty to one of the 
stars in the group, namely to y, which we think most likely to be the 
one pointed out — : and mainly, because either of the others would admit 
of being more simply and briefly designated, 8 as the northern, § as the 
eastern, a as the southern, and s as the western star. We should, then, 
regard the description as unambiguous, were it not for what is farther 
added, " being the second situated westward ;" for y is the first or most 
westerly of the five in longitude, and the third in right ascension, while 
the second in longitude and in right ascension respectively are the two 
faint stars £ and a. We confess that we do not see how the difficulty is 
to be solved without some emendation of the text. 

We conceive ourselves to be justified, then, in regarding this passage 
as of doubtful authenticity and inferior authority: as already partaking, 
in short, of that ignorance and carelessness which has rendered the 
Hindu astronomers unable, at any time during the past thousand years, 
to point out in the heavens the complete series of the groups of stars 
composing their system of asterisms. None of the other authorities 
accessible to us gives a description of the relative places of the junction- 
stars, excepting the Qakalya-Sanhita, and our manuscript of its text is 
so defective and corrupt at this point that we are able to derive from it 
with confidence the positions of only about a third of the stars. So 
far, it accords with the Suxya-Siddhanta, save that it points out as the 
junction-star of Purva-Ashadha the brightest, instead of the northern- 
most, member of the group ; and here there is a difference in the mode of 
designation only, and not a disagreement as regards the star designated. 

20. Situated five degrees eastward from Brahmahrdaya is Pra- 
j&pati : it is at the end of Taurus, and thirty-eight degrees north. 

21. Ap&mvatsa is five degrees north from Citra: somewhat 
greater than it, as also six degrees to the north of it, is Apas. 

The three stars whose positions are defined in this passage are not 
mentioned in the Qakalya-Sanhita, nor in the Siddhanta-Ciromani and 
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(according to Colebrooke) the Brahma-Siddhanta ; only the latter of 
them, Apas, is omitted by the Graha-Laghava, being noticed in the 
Surya-Siddhanta alone. It may fairly be questioned, for the reason re- 
marked above, whether the original text of our treatise itself contained 
the last two verses of this chapter : moreover, at the end of the next 
chapter (ix. 18), where those stars are spoken of which never set heli- 
acally, on account of their high northern situation, Prajapati is not 
mentioned among them, as it ought to be, if its position had been pre- 
viously stated in the treatise. Still farther on (xiii. 9), in the descrip- 
tion of the armillary sphere, it is referred to by the name of Brahma, 
which, according to the commentary on this passage, and to Colebrooke,. 
it also customarily bears. Perhaps another evidence of the unauthen- 
ticity of the passage is to be seen in the fact that the two definitions of 
the polar longitude of Prajapati do not, if taken in connection with verse 
11, appear to agree with one another: a star which is 5° east from the 
position of Brahmahrdaya, as there stated, is not " at the end of Taurus," 
but at its twenty-seventh degree : this may, however, be merely an inac- 
curate expression, intended to mean that the star is in the latter part, or 
near the end, of Taurus. The Graha-Laghava, which defines the posi- 
tions of all these stars directly, by degrees of polar longitude and lati- 
tude, and not by reference either to the signs or to other stars, gives Pra- 
japati 61° of polar longitude, or 5° more than it assigned to Brahmahr- 
daya : it also adds 1° to the polar latitude as stated in our text. The 
star referred to can hardly be any other than that in the head of the 
Wagoner, or 3 Aurigse (4) : 

Prajdpati . . . . 67 11' . . . . 36° 49' N. 
$ Auriga; .... 69 54' ... • 3o° 49' N. 

The error of latitude is about the same with that which was commit- 
ted with reference to Brahmahrdaya, or Capella. Why so faint and in- 
conspicuous a star should be found among the few of which the Hindu 
astronomers have taken particular notice is not easy to discover. 

The position of the star named Apamvatsa, " Waters' Child," is de- 
scribed in our text by reference to Citra, or Spica Virginis : it is said to 
be in the same longitude, 180°, and 5° farther north; and this, since 
Citra itself is in lat. 2° S., would make the latitude of Apamvatsa 3° N. 
The Graha-Laghava gives it this latitude directly, and also makes its lon- 
gitude agree with that of Spica, which, as already noticed, it places at 
the distance of 1 83° from the origin of the sphere. Apas, " Waters" 
(the commentary, however, treats the word as a singular masculine, Apa), 
is put 6° north of Apamvatsa, or in lat. 9° N. It is identified by Cole- 
brooke with S Virginis (3), and doubtless correctly : 

Apas 176 23' .... 8° i5'N. 

$ Virginis .... 171 28' .... 8° 38' N. 

Colebrooke pronounces Apamvatsa to comprise " the nebulous stars 
marked b 1, 2, 3" in Virgo. We can find, however, no such stars upon 
any map, or in any catalogue, accessible to us, and hence presume that 
Colebrooke must have been misled here by some error of the authority 
on which he relied. There is, on the other hand, a star, & Virginis (4), 
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situated directly between Spica and d, and at such a distance from each 
as shows almost beyond question that it is the star intended : 

Apatnvatsa .... 178 48' .... 2 45' N. 

5 Virginia 178° 12' .... i° 45' N. 

It is not less difficult in this than in the former case to account for the 
selection of these stare, among the hundreds equalling or excelling them 
in brilliancy, as objects of special attention to the astronomical observers 
of ancient India. Perhaps we have here only the scattered and discon- 
nected fragments of a more complete and shapely system of stellar as- 
tronomy, which flourished in India before the scientific reconstruction of 
the Hindu astronomy transferred the field of labor of the astronomer 
from the skies to his text-books and his tables of calculation. 

The annexed table gives a comparative view of the positions of the 
seven stars spoken of in this and a preceding passage (vv. 10-12) as 
definedby our text and as determined by modern observers : 

Positions of certain Fixed Stars. 



Name. 


Hindu position : 


True position : 


Star compared. 




pol. long. 


pol. lat. 


long. 


lat. 


long. 


lat. 






' 


/ 


1 


1 


1 


1 




Agastya, 


90 


80 S. 


90 


80 S. 


85 4 


75 5oS. 


a Argus, Canopus. 


Mrgavyadha, 


80 


4o S. 


76 23 


39 52 S. 


84 7 


39 32 S. 


a Canis Maj., Sirius. 


Agni, 


52 


8 oN. 


54 5 


7 44 N. 


62 32 


5 22 N. 


ji Tauri. 


Brahmahrdaya, 


52 


3o oN. 


60 2928 53 N. 


61 5o 


22 52 N. 


a Auriga?, Capella. 


Prajapati, 


57 


38 oN. 


67 11 


36 49 N. 


6954 


3o 49 N. 


S Auriga?. 


Apamvatsa, 


180 


3 oN. 


178 48 


2 45 N. 


178 12 


1 45 N. 


3 Virginia. 


Apas, 


180 


9 oN. 


176 23 


8 i5N. 


171 28 


8 38 N. 


8 Tirginis. 



The gross errors in the determinations of position of these stars give 
us a yet lower idea of the character of Hindu observations than we 
derived from our examination of the junction-stars of the asterisms. 

The essay of Colebrooke in the ninth volume of the Asiatic Re- 
searches, to which we have already so often referred, gives farther infor- 
mation of much interest respecting such matters connected with the Hindu 
astronomy of the fixed stars as are passed without notice in our treatise. 
He states the rules laid down by different authorities for calculating the 
time of heliacal rising of Agastya, or Canopus, upon which depends the 
performance of certain religious ceremonies. He also presents a view of 
the Hindu doctrine of the Seven Sages, or rshis, by which name are 
known the bright stars in Ursa Major forming the well-known constella- 
tion of the Wain, or Dipper. To these stars the ancient astronomers of 
India, and many of the modern upon their authority, have attributed an 
independent motion about the pole of the heavens, at the rate of 8' yearly, 
or of a complete revolution in 2700 years. The Surya-Siddh&nta alludes 
in a later passage (xiii. 9) to the Seven Sages, but it evidently is to be 
understood as rejecting the theory of their proper motion, which is also 
ignored by the Siddhanta-Ciromani. That so absurd a dogma should 
have originated and gained a general currency in India, and that it should 
still maintain itself in many of the astronomical text-books, is, however, 
too striking and significant a circumstance to be left out of sight in esti- 
mating the character of the ancient and native Hindu astronomy. 
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CHAPTER IX. 
OP HELIACAL RISINGS AND SETTINGS. 

Contents : — 1, subject of the chapter ; 2-3, under what circumstances, and at which 
horizon, the planets rise and set heliacally ; 4-5, method of calculating their dis- 
tances in oblique ascension from the sun ; 6-9, distances from (be sun at which 
they disappear and re-appear ; 10-1 1, how to find the time of heliacal setting or 
rising, past or to come ; 12-15, distances from the sun at which the asterisms and 
fixed stars disappear and reappear; 16-17, mode of determining their times of 

' rising and setting; IS, what asterisms and stars never set heliacally. 

1. Now is set forth the knowledge of the risings (udaya) and 
settings (astamaya) of the heavenly bodies of inferior brilliancy, 
whose orbs are overwhelmed by the rays of the sun. 

The terms used for the heliacal settings and risings of the heavenly 
bodies, or their disappearance in the sun's neighborhood and their return 
to visibility, are precisely the same with those employed to denote their 
rising (udaya) and setting (asla, astamaya, astamana) above and below 
the horizon. The title of the chapter, uday&st&dhikara, is literally 
translated in our heading. 

2. Jupiter, Mars, and Saturn, when their longitude is greater 
thaa that of the sun, go to their setting in the west; when it i3 
less, to their rising in the east : so likewise Venus and Mercury, 
when retrograding. 

3. The moon, Mercury, and Venus, having a swifter motion, 
go to their setting in the east when of less longitude than the 
sun ; when of greater, to their rising in the west. 

These specifications are of obvious meaning and evident correctness. 
The planets which have a slower motion than the sun, and so are over- 
taken by him, make their last appearance in the west, after sunset, and 
emerge again into visibility in the east, before sunrise : of those which 
move more rapidly than the sun, the contrary is true : Venus and Mer- 
cury belong to either class, according as their apparent motion is retro- 
grade or direct. 

4. Calculate the longitudes of the sun and of the planet— in 
the west, for the time of sunset; in the east, for that of sunrise — 
and then make also the calculation of apparent longitude (drkkar- 
man) of the planet. 

5. Then the ascensional equivalent, in respirations, of the in- 
terval between the two (Jagndntaraprdnds) will give, when divid- 
ed by sixty, the degrees of time (kdldngds) ; or, in the west, the 
ascensional equivalent, in respirations, of the interval between 
the two when increased each by six signs. 

Whether a planet will or will not be visible in the west after sunset, 
or in the east before sunrise, is in this treatise made to depend solely 
vol. vi. 47 
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upon the interval of time by which its setting follows, or its rising pre- 
cedes, that of the sun, or upon its distance from the sun in oblique 
ascension ; to the neglect of those other circumstances — as the declina- 
tion of the two bodies, and the distance and direction of the planet 
from the ecliptic — which variously modify the limit of visibility as thus 
defined. The ascertainment of the distance in oblique ascension, then, 
is the object of the rules given in these verses. In explaining the 
method of the process, we will consider first the case of a calculation 
made for the eastern horizon. The time of sunrise having been deter- 
mined, the true longitudes and rates of motion of the sun and the planet 
in question are found for that moment, as also the latitude of the planet. 
Owing to the latter's removal in latitude from the ecliptic, it will not 
pass the horizon at the same moment with the point of the ecliptic 
which determines its longitude, and the point with which it does actu- 
ally rise must be found by a separate process. This is accomplished 
by calculating the apparent longitude of the planet, according to the 
method taught in the seventh chapter. There is nothing in the lan- 
guage of the text which indicates that the calculation is not to be made 
in full, as there prescribed, and for the given moment of sunrise : as so 
conducted, however, it would evidently yield an erroneous result ; for, 
the planet being above the horizon, the point of the ecliptic to which 
it is then referred by a circle through the north and south points of the 
horizon is not the one to which it was referred by the horizon itself at 
the moment of its own rising. The commentary removes this difficulty, 
by specifying that the akshadrkkarman, or that part of the process 
which gives the correction for latitude, is to be performed "only as 
taught in the first half-verse" — that is, according to the former part of 
vii. 8, which contains the rule for determining the amount of the correc- 
tion at the horizon — omitting the after process, by which its value is 
made to correspond to the altitude of the planet at the given time. 
Having thus ascertained the points of the ecliptic which rise with the 
sun and with the planet respectively, the corresponding equatorial inter- 
val,' or the distance of the planets in oblique ascension, is found by a 
rule already given (iii. 50). The result is expressed in respirations of 
sidereal time, which are equivalent to minutes of the equator (see above, 
i. 11-12); they are reduced to degrees by dividing by sixty: and the 
degrees thus found receive the technical name of "time-degrees" 
(Jf&l&npas, Mlabhdff&s); they are also called below "degrees of setting" 
(ast&nf&s), and "degrees of visibility" (drfyang&s). 

If the planet for which the calculation is made has greater longitude 
than the sun, the process, being adapted to the time of sunset, and to the 
western horizon, requires a slight modification, owing to the fact that the 
equivalents of the signs in oblique ascension (iii. 42-45) are given only 
as measured at the eastern horizon. Since 180 degrees of the ecliptic 
are always above the horizon, any given point of the ecliptic will set at 
the same moment that another 180° distant from it rises ; by adding, 
then, six signs to the calculated positions of the sun and the planet, and 
ascertaining, by iii. 50, the ascensional difference of the two points so 
found, the interval between the setting of the sun and that of the planet 
will be determined. 
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Before going on to explain how, from the result thus obtained, the 
time of the planet's disappearance or re-appearance may be derived, the 
text defines the distances from the sun, in oblique ascension or "degrees 
of time," at which each planet is visible. 

6. The degrees of setting (astdngds) are f for Jupiter, eleven ; 
for Saturn, fifteen ; for Mars, moreover, they are seventeen : 

7. Of Venus, the setting in the west and the rising in the east 
take place, by reason of her greatness, at eight degrees ; the 
setting in the east and the rising in the west occur, owing to her 
inferior size, at ten degrees : 

8. So also Mercury makes his setting and rising at a distance 
from the sun of twelve or fourteen degrees, according as he is 
retrograding or rapidly advancing. 

9. At distances, in degrees of time (Mlabhdgds), greater than 
these, the planets become visible to men ; at less distances they 
become invisible, their forms being swallowed up (grasta) by the 
brightness of the sun. 

The moon, it will be noticed, is omitted here ; her heliacal rising and 
setting are treated of at the beginning of the next following chapter. 

In the case of Mercury and Venus, the limit of visibility is at a greater 
or less distance from the sun according as the planet is approaching its 
inferior or superior conjunction, the diminution of the illuminated por- 
tion of the disk being more than compensated by the enlargement of 
the disk itself when seen so much nearer to the earth. 

Ptolemy treats, in the last three chapters (xiii. 7-9) of his work, of 
the disappearance and reappearance of the planets in the neighborhood 
of the sun, and defines the limits of visibility of each planet when in 
the sign Cancer, or where the equator and ecliptic are nearly parallel. 
His limits are considerably different from those defined in our text, being, 
for Saturn, 14° ; for Jupiter, 12° 45'; for Mars, 14° 30' ; for Venus and 
Mercury, in the west, 5° 40' and 11° 30' respectively. 

10. The difference, in minutes, between the numbers thus sta- 
ted and the planet's degrees of time (kdldngds), when divided by 
the difference of daily motions — or, if the planet be retrograding, 
by the sum of daily motions — gives a result which is the time, in 
days etc. 

11. The daily motious, multiplied by the corresponding ascen- 
sional equivalents (tallagndsavas), and divided by eighteen hun- 
dred, give the daily motions in time (kalagati) ; by means of these 
is found the distance, in days etc., of the time past or to*come. 

Of these two verses, the second prescribes so essential a modification 
of the process taught in the first, that their arrangement might have 
been more properly reversed. If we have ascertained, by the previous 
rules, the distance of a planet in oblique ascension from the sun, and if 
we know the distance in oblique ascension at which it will disappear or 
re-appear, the interval between the given moment and that at which dis- 
appearance or re-appearance will take place may be readily found by 
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dividing by the rate of approach or separation of the two bodies the dif- 
ference between their actual distance and that of apparition and dispari- 
tion : but the divisor must, of course, be the rate of approach in oblique 
ascension, and not in longitude. The former is derived from the latter 
by the following proportion : as a sign of the ecliptic, or 1800', is to its 
equivalent in oblique ascension, as found by iii. 42-45, so is the arc of 
the ecliptic traversed by each planet in a day to the equatorial equiva- 
lent of that arc. The daily rates of motion in oblique ascension thus 
ascertained are styled the " time-motions" (kalagati), as being commen- 
surate with the " time-degrees" (k6.lan.gas). 

12. Svati, Agastya, Mrgavyadha, Citra> JyeshtM, Punarvasn, 
Abhijit, and Brahrnahrdaya rise and set at thirteen degrees. 

13. Hasta, Qravana, the Phalgunis, QravishtM, Kobini, and 
Magha" become visible at fourteen degrees ; also Vicakhii and 
A§vini. 

14. KrttikEi, Anuradha (mditra), and Mula, and likewise Acle- 
sM and Ardra - (rdudrarksha), are seen at fifteen degrees ; so, too, 
the pair of Ashadhas. 

15. Bharani, Pushya, and Mrgaclrsha, owing to their faintness, 
are seen at twenty-one degrees ; tbe rest of the asterisms become 
visible and invisible at seventeen degrees. 

These are specifications of the distances from the sun in oblique as- 
cension (k&lanf&s) at which the asterisms, and those other of the fixed 
stars whose positions were defined in the preceding chapter, make their 
heliacal risings and settings. The asterisms we are doubtless to regard 
as represented by their junction-stars (yogat&ra). The classification 
here made of the stars in question, according to their comparative mag- 
nitude and brilliancy, is in many points a very strange and unaccount- 
able one, and by no means calculated to give us a high idea of the 
intelligence and care of those by whom it was drawn tip. The first 
class, comprising such as are visible at a distance of 13° from the sun, 
is, indeed, almost wholly composed of stars of the first magnitude; one 
only, Punarvasu (j? Geminorum), being of the first to second, and hav- 
ing for its fellow one of the first (a Geminorum). But the second 
class, that of the stars visible at 14°, also contains four which are of the 
first magnitude, or the first to second ; namely, Aldebaran (Rohini), 
Regulus (Magha), Deneb or § Leonis (Uttara-Phalguni), and Atair or 
« Aquilse (Cravana) ; and, along with these, one of the second to third 
magnitude, $ Leonis (Purva-Phalguni), three of the third, and one, 
t Librae (Vieivkha), of the fourth. In this last case, however, it might 
be possible to regard « Libra?, of the second magnitude, as the star 
which is made to determine the visibility of the asterism. Among 
the stars of^the third class, again, which are visible at 15°, is one, 
« Orionis (Ardra), which, though a variable star, does not fall below 
the first to second magnitude ; while with it are found ranked six stars 
of the third magnitude, or of the third to fourth. The class of those 
which are visible at 17°, and which are left unspecified, contains two 
stars of the fourth magnitude, but also two of the second, one of which, 
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« Andromedse or y Pegasi (Uttara-Bhadrapada), is mentioned below 
(v. 18) among those which are never obscured by the too near approach 
of the sun. The stars forming the class which are not to be seen 
within 21° of the sun are all of the fourth magnitude, but they are no 
less distinctly visible than two of those in the preceding class ; and in- 
deed, Bharani is palpably more so, since it contains a star of the third 
magnitude, which is perhaps (see above) to be regarded as its junction- 
star. Since Agni, Brahma, Apamvatsa, and Apas are not specially men- 
tioned, it is to be assumed that they all belong in the class of those 
visible at 17°, and they are so treated by the commentator : the first of 
them (j"? Tauri) is a star of the second magnitude; for the rest, see the 
last note to the preceding chapter. 

Some of the apparent anomalies of this classification are mitigated or 
removed by making clue allowance for the various circumstances by 
which, apart from its absolute brilliancy, the visibility of a star in the 
sun's neighborhood is favored or the contrary — such as its distance and 
direction from the equator and ecliptic, and the part of the ecliptic in 
which the sun is situated during its disappearance. Many of them, 
however, do not admit of such explanation, and we cannot avoid regard- 
ing the whole scheme of classification as one not founded on careful 
and long-continued observation, but hastily and roughly drawn up in 
the beginning, and perhaps corrupted later by unintelligent imitators- 
and copyists. 

16. The degrees of visibility (drgydn$ds), if multiplied by 
eighteen hundred and divided by the corresponding ascensional 
equivalent (udaydsavas), give, as a result, the corresponding de- 
grees on the ecliptic (kshelrdnqds) ; by means of them, likewise, 
the time of visibility and of invisibility may be ascertained. 

This verse belongs, in the natural order of sequence, not after the pas- 
sage next preceding, with which it has no special connection, but after 
verse 11. Instead of reducing, as taught in that verse, the motions up- 
on the ecliptic to motions in oblique ascension, the " degrees of time" 
(Mldnfds) may themselves be reduced to their equivalent upon the cor- 
responding part of the ecliptic, and then the time of disappearance or 
of re-appearance calculated as before, using as a divisor the sum or dif- 
ference of daily motions along the ecliptic. The proportion by which 
the reduction is made is the converse of that before given ; namely, as 
the ascensional equivalent of the sign in which are the sun and the 
planet is to that sign itself, or 1800', so are the "degrees of visibility" 
(drpjanf&s, or kaldnf&s) of the planet to the equivalent distance upon 
that part of the ecliptic in which it is then situated. The technical 
name given to the result of the proportion is kshetr&npds : kshetra is lit- 
erally " field, territory," and the meaning of the compound may be thus 
paraphrased : " the limit of visibility, in degrees, measured upon that 
part of the ecliptic which is, at the time, the territory occupied by the 
planets in question, or their proper sphere." 

17. Their rising takes place in the east, and their setting in 
the west ; the calculation of their apparent longitude (drkJcarman) 
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is to be made according to previous rules ; the ascertainment of 
the time, iu days etc., is always by the daily motion of the sun 
alone. 

This verse should follow immediately after verse 15, to which it at- 
taches itself in the closest manner. The dislocation of arrangement in 
the latter part of this chapter is quite striking, and is calculated to sug- 
gest a suspicion of interpolations. 

The directions given in the verse require no explanation : they are 
just such an adaptation of the processes already prescribed to the case 
of the fixed stars as that made in verse 14 of the last chapter. The 
commentary points out again that the calculation of the correction for 
latitude (akshadrkkarman) is to be made only for the horizon, or as 
stated in the first half-verse of the rule. 

18. Abhijit, Brahmahrdaya, Svati, Qravana (vdishnava), Qra,- 
vishtha (vdsava), and Uttara-BhMrapada' (ahirhudhnya), owing to 
their northern situation, are not extinguished by the sun's rays. 

It may seem that it would have been a more orderly proceeding to 
omit the stars here mentioned from the specifications of verses 12-15 
above ; but there is, at least, no inconsistency or inaccuracy in the double 
statement of the text, since some of the stars may never attain that dis- 
tance in oblique ascension from the sun which is there pointed out as 
their limit of visibility. We have not thought it worth the trouble to 
go through with the calculations, and ascertain whether, according to 
the data and methods of this treatise, these six stars, and these alone, 
of those which the treatise notices, would never become invisible at 
Ujjayinl. It is evident, however, as has already been noticed above 
(viii. 20-21), that the star called Brahma or Praj&pati (<$ Aurigse) is not 
here taken into account, since it is 8° north of Brahmahrdaya, and con- 
sequently can not become invisible where the latter does not. 



CHAPTER X. 



OF THE MOON'S RISING AND SETTING, AND OF THE ELEVATION 
OF HER CUSPS. 

Contents : — 1, of the heliacal rising and setting of the moon ; 2-5, how to find the 
interval from sunset to the setting or rising of the moon ; 6-8, method of deter- 
mining the moon's relative altitude and distance from the sun at sunset ; 9, to as- 
certain the measure of the illuminated part of her disk ; 10-14, method of delin- 
eating the moon's appearance at sunset ; 15, how to make the same calculation 
and delineation for sunrise. 

1. The calculation of the heliacal rising (udaya) and setting 
(asta) of the moon, too, is to be made by the rules already given. 
At twelve degrees' distance from the sun she becomes visible in 
the west, or invisible in the east. 
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In determining the time of the moon's disappearance in the neighbor- 
hood of the sun, or of her emergence into visibility again beyond the 
sphere of his rays, no new rules are required ; the same methods being 
employed as were made use of in ascertaining the time of heliacal set- 
ting and rising of the other planets : they were stated in the preceding 
chapter. The definition of the moon's limit of visibility would have 
been equally in order in the other chapter, but is deferred to this in 
order that the several processes in which the moon is concerned may 
be brought together. The title of the chapter, prngonnatyadhikara, 
" chapter of the elevation of the moon's cusps" (prnga, literally " horn"), 
properly applies only to that part of it which follows the fifth verse. 

The degrees spoken of in this verse are, of course, " degrees of time" 
(kalanf&s), or in oblique ascension. 

2. Add six signs to the longitudes of the sun and moon re- 
spectively, and find, as in former processes, the ascensional equiv- 
alent, in respirations, of their interval (lagndntardsavas) : if the 
sun and moon be in the same sign, ascertain their interval in 
minutes. 

3. Multiply the daily motions of the sun and moon by the re- 
sult, in nSdis, and divide by sixty ; add to the longitude of each 
the correction for its motion, thus found, and find anew their in- 
terval, in respirations ; 

4. And so on, until the interval, in respirations, of the sun 
and moon is fixed : by so many respirations does the moon, in 
the light half-month (guJcla), go to her setting after the sun. 

5. Add half a revolution to the sun's longitude, and calculate 
the corresponding interval, in respirations : by so many respira- 
tions does the moon, in the dark half-month (krshnapaksha), come 
to her rising after sunset. 

The question here sought to be solved is, how long after sunset upon 
any given day will take place the setting of the moon in the crescent 
half-month, or from new to full moon, and the rising of the moon in 
the waning half-month, or from full to new moon. The general process 
is the same with that taught in the last chapter, for obtaining a like 
result as regards the other planets or fixed stars : we ascertain, by the 
rules of the seventh chapter — applying the correction for the latitude 
according to its value at the horizon, as determined by the first part of 
vii. 8 — the point of the ecliptic which sets with the moon ; and then the 
distance in oblique ascension between this and the point at which the 
sun set will measure the required interval of time. An additional cor- 
rection, however, needs to be applied to the result of this process in the 
case of the moon, owing to her rapid motion, and her consequent per- 
ceptible change of place between the time of sunset and that of her own 
setting or rising : this is done by calculating the amount of her motion 
during the interval as first determined, and adding its equivalent in ob- 
lique ascension to that interval ; then calculating her motion anew for 
the increased interval and adding its ascensional equivalent — and so on, 
until the desired degree of accuracy is attained. 
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The process thus explained, however, is not precisely that which is 
prescribed in the text. We are there directed to calculate the amount 
of motion both of the sun and moon during the interval between the 
setting of the sun and that of the moon, and, having applied them to 
the longitudes of the two bodies, to take the ascensional equivalent of 
the distance between them in longitude, as thus doubly corrected, for 
the precise time of the setting of the moon after sunset. In one point 
of view this is false and absurd ; for when the sun has once passed the 
horizon, the interval to the setting of the moon will be affected only by 
her motion, and not at all by his. In another light, the process does not 
lack reason : the allowance for the sun's motion is equivalent to a reduc- 
tion of the interval from sidereal (ndkshatra) time to civil, or true solar 
(s&vana) time, or from respirations which are thirty-six-hnndreths of the 
earth's revolution on its axis to such as are like parts of the time from 
actual sunrise to actual sunrise. But such a mode of measuring time is 
unknown elsewhere in this treatise, which defines (i. 11-12) and employs 
sidereal time alone, adding (ii. 59) to the sixty n&dis which constitute a 
sidereal day so much sidereal time as is needed to make out the length 
of a day that is reckoned by any other method. It seems necessary, 
then, either to suppose a notable blunder in this passage, or to recognize 
in it such a departure from the usual methods of the treatise as would 
show it to be an interpolation. Probably the latter is the alternative to 
be chosen : it is, at any rate, that which the commentator prefers : he 
pronounces the two verses beginning with the second half of verse 2, 
and ending at the middle of verse 4, to be spurious, and the true text of 
the Siddhanta to comprise only the first half of verse 2 and the second 
of verse 4 ; these would form together a verse closely analogous in its 
method and expression with verse 5, which teaches the like process for 
moon-rise, in the waning half-month. Fortified- by the authority of the 
commentator, we are justified in assuming that the Surya-Siddh&nta 
originally neglected, in its process for calculating the time of the moon's 
setting, her motion during the interval between that time and sunset, 
and that the omission was later supplied by another hand, from some 
other treatise, which reckoned by solar time instead of sidereal. This 
does not, however, explain and account for the second half of the second 
verse ; which, if it has any meaning at all, different from that conveyed 
in the former part of the same verse, seems to signify that when the sun 
and moon are so near one another as to be in the same sign, the discord- 
ance between distances on the ecliptic and their equivalents upon the 
equator may be neglected, and the difference of longitude in minutes 
taken for the interval of time in respirations. 

If the time is between new and full moon, the object of the process is 
to obtain the interval from sunset to the setting of the moon ; as both 
take place at the western horizon, the two planets are transferred to the 
eastern horizon, in order to the measurement of their distance in ascen- 
sion : if, on the other hand, the moon has passed her full, the time of 
moonrise is sought; here the sun alone is transferred, by the addition of 
180° to his longitude, to the eastern horizon, as taught in verse 5. The 
equation to be applied to the longitude of both planets is found by the 
familiar proportion — as sixty nadis are to the given interval in nadis, so 
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is the true daily motion of the planet to its actual motion during that 
interval. 

6. Of the declinations of the sun and moon, if their direction 
be the same, take the difference ; in the contrary case, take the 
sum : the corresponding sine is to be regarded as south or north, 
according to the direction of the moon from the sun. 

7. Multiply this by the hypothenuse of the moon's mid-day 
shadow, and, when it is north, subtract it from the sine of lati- 
tude (aksha) multiplied by twelve ; when it is south, add it to 
the same. 

8. The result, divided by the sine of co-latitude (lamba), gives 
the base (bhuja), in its own directic n ; the gnomon is the perpen- 
dicular (koti) ; the square root of tn<? sum of their squares is the 
hypothenuse. 

In explaining the method of this process, we shall follow the guidance 
of the commentator, pointing out afterwards wherein he varies from 
the strict letter of the text : for illustration we refer to the accompany- 
ing figure (Fig. 32). 

The figure represents the south-western quarter of the visible sphere, 
p i( , 32 seen as projected upon the 

plane of the meridian; Z being 
the zenith, Y the south point, 
W Y the intersection of the 
horizontal and meridian planes, 
and W the projection of the 
west point. Let Z Q equal the 
latitude of the place of obser- 
vation, and let Q T and Q be 
the declinations of the sun and 
moon respectively, at the given 
time: thenWQ, ST, and NO 
will be the projections of the 
equator and of the diurnal cir- 
cles of the sun and moon. Sup- 
pose, now, the sun to be upon 
the horizon, at S, and the moon 
to have a certain altitude, being at M : draw from M the perpendicular 
to the plane of the horizon M L, and join MS: it is required to know 
the relation to one another of the three sides of the triangle S L M, in 
order to the delineation of the moon's appearance when at M, or at the 
moment of sunset. 

Now M L is evidently the sine of the moon's altitude at the given 
time, which may be found by methods already more than once described 
and illustrated. And S L is composed of the two parts S N and N L, of 
which the former depends upon the distance of the moon in declination 
from the sun, and the latter upon the moon's altitude. But SN is one 
of the sides of a right-angled triangle, in which the angle NS6 is equal 
to the observer's co-latitude, and N b to the sum of the sine of declina- 
tion of the sun, c b or W o, and that of the moon, N c. Hence 
vol. vi. 48 
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«ra6SN:5N::R:SN 
or sin co-lat. : sum of sines of decl. : : E : S K 

and S N = (R X sum of sines of decl.) — ■ sin co-lat. 

In like manner, since, in the triangle M N L, the angles at M and N 
are respectively equal to the observer's latitude and co-latitude, 

sinMlTL:sinLHN'::ML:N'L 
or sin co-lat, : sin. lat. : : sin alt. : N L 

and SL = (sin alt. X sin lat.) -f- sin co-lat. 

We have thus found the values of M L and the two parts of S L in 
terms of the general sphere, or of a circle whose radius is tabular radius : 
it is desired farther to reduce them to terms of a circle in which M L 
shall equal the gnomon, or twelve digits. And since the gnomon is 
equal to the sine of altitude in a circle of which the hypothenuse of the 
corresponding shadow is radius (compare above, iii. 25-27 etc.), this re- 
duction may be effected by multiplying the quantities in question by the 
hypothenuse of the shadow and dividing by radius. That is to say, rep- 
resenting the reduced values of S N and N L by s n and n I respectively, 

R : hyp. shad. : : M L : gnoin, 
R : hyp. shad. : : S N :» n 
R : hyp. shad. : : N L : n I 

Substituting, now, in the second and third of these proportions the val- 
ues of S N and N L found for them above, and substituting also in the 
third the value of the hypothenuse of the shadow derived from the first, 
we have 

_ , , , R X sum sin decl. , „ RXgnom. sin alt. X sin lat. 

R : hyp. shad. : ; : ;— : in, and R : — r-^-r- — : : -r-r : » 

Je sin co-lat. smalt. sin co-lat. 

which reduce to 

hyp. shad. X sum Bin decl. , , sin lat. X gnom. 

*»= -"- : r— , and n/ = : f- 

sin co-lat. sin co-iat. 

Hence, if the perpendicular M L be assumed of the constant value of th» 
gnomon, or twelve digits, we have 

T (hyp. shad. X sum sin decl.) + (si n lat. X gnom.) 
sin co-lat. 

In the case thus far considered the sun and moon have been supposed 
upon opposite sides of the equator. If they are upon the same side, 
the sun setting at S', or if their sines of declination, $>'d and N c, are of 
the same direction, the value of S' N, the corresponding part of the 
base S' L, will be found by treating in the same manner as before the 
difference of the sines, S'e, instead of their sum. In this case, too, the 
value of S'e being north, S'N will have to be subtracted from NL to 
give the base S' L. Other positions of the two luminaries with respect 
to one another are supposable. but those which we have taken are suffi- 
cient to illustrate all the conditions of the problem, and the method of 
its solution. 

It is evident that, in two points, the process as thus explained by the 
commentator is discordant with that which the text prescribes. The 
latter, in the first place, tells us to take, not the sum or difference of the 
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sines of declination, but the sine of the sum or difference of declinations, 
as the side 6 N of the triangle S N b. This seems to be a mere inaccu- 
racy on the part of the text, the difference between the two quantities, 
which could never be of any great amount, being neglected : it is, how- 
ever, very hard to see why the less accurate of the two valuations of the 
quantity in question should have been selected by the text ; for it is, if 
anything, rather less easy of determination than the other. The other 
discordance is one of much more magnitude and importance : the text 
speaks of the "hypothenuse of the moon's mid-day shadow" (madhy&h- 
nenduprabhakarna), for which the commentary substitutes that of the 
shadow cast by the moon at the given moment of sunset. The com- 
mentator attempts to reconcile the discrepancy by saying that the text 
means here the moon's shadow as calculated after the method of a noon- 
shadow ; or again, that the time of sunset is, in effect, the middle of the 
day, since the civil day is reckoned from sunrise to sunrise : but neither 
of these explanations can be regarded as satisfactory. The commenta- 
tor farther urges in support of his understanding of the term, that we 
are expressly taught above (vii. 11) that the calculation of apparent 
longitude (drkkarman) is to be made in the process for finding the ele- 
vation of the moon's cusps ; while, if the hypothenuse of the moon's 
meridian-shadow be the one found, there arises no occasion for making 
that calculation. It seems clear that, unless the commentator's under- 
standing of the true scope and method of the whole process be errone- 
ous, the substitution which he makes must necessarily be admitted. This 
is a point to which we shall recur later. 

9. The number of minutes in the longitude of the moon di- 
minished by that of the sun gives, when divided by nine hun- 
dred, her illuminated part (gukla) : this, multiplied by the num- 
ber of digits (angula) of the moon's disk, and divided by twelve, 
gives the same corrected (sphuta). 

The rule laid down in this verse, for determining the measure of the 
illuminated part of the moon, applies only to the time between new 
moon and full moon, when the moon is less than 180° from the sun: 
when her excess of longitude is more than 1 80°, the rule is to be ap- 
plied as stated below, in verse 15. As the whole diameter of the moon 
is illuminated when she is half a revolution from the sun, one half 
her diameter at a quarter of a revolution's distance, and no part of it at 
the time of conjunction, it is assumed that the illuminated portion of her 
diameter will vary as the part of 180° by which she is distant from the 
sun ; and hence that, assuming the measure of the diameter of her 
disk to be twelve digits, the number of digits illuminated may be found 
by the following proportion : as half a revolution, or 10,800', is to 
twelve digits, so is the moon's distance from the sun in minutes to the 
corresponding part of the diameter illuminated : the substitution, in the 
first ratio, of 900 : 1 for 10,800 : 12, gives the rule as stated in the text. 
Here, it will be noticed, we have for the first and only time the Greek 
method of measuring the moon's diameter, by equal twelfths, or digits : 
from this scale a farther reduction is made to the proper Hindu scale, as 
determined by the methods of the fourth chapter (see above, iv. 2-8, 26), 
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by another proportion : at twelve is to the true diameter in digits, so is 
the result already found to the true measure of the part of the diameter 
illuminated. 

It is not to be wondered at that the Hindus did not recognize the el- 
lipticity of the line forming the inner boundary of the moon's illumina- 
ted part : it is more strange that they ignored the obvious fact that, 
while the illuminated portion of the moon's spherical surface visible from 
the earth varies very nearly as her distance from the sun, the apparent 
breadth of the bright part of her disk, in which that surface is seen pro- 
jected, must vary rather as the versed sine of her distance. 

10. Fix a point, calling it the sun : from that lay off the base, 
in its own proper direction ; then the perpendicular, toward the 
west ; and also the hypothenuse, passing through the extremity 
of the perpendicular and the central point. 

11. From the point of intersection of the perpendicular and 
the hypothenuse describe the moon's disk, according to its di- 
mensions at the given time. Then, by means of the hypothe- 
nuse, first make a determination of directions ; 

12. And lay off upon the hypothenuse, from the point of its 
intersection with the disk, in an inward direction, the measure of 
the illuminated part : between the limit of the illuminated part 
and the north and south points draw two fish-figures (matsya) ; 

13. From the point of intersection of the lines passing through 
their midst describe an arc touching the three points : as the disk 
already drawn appears, such is the moon upon that day. 

14. After making a determination of directions by means of 
the perpendicular, point out the elevated (unnata) cusp at the 
extremity of the cross-line : having made the perpendicular 
(koti) to be erect (unnata), that is the appearance of the moon. 

15. In the dark half-month subtract the longitude of the sun 
increased by six signs from that of the moon, and calculate, in 
the same manner as before, her dark part. In this case lay off 
the base in a reverse direction, and the circle of the moon on the 
west. 

Having made the calculations prescribed in the preceding passages, 
we are now to project their results, and to exhibit a representation of 
the moon as she will appear at the given time. The annexed figure 
(Fig. 33) will illustrate the method of the projection. 

"We first fix upon a point, as S, which shall represent the position of 
the sun's centre upon the western horizon at the moment of sunset, and 
we determine, in the manner taught at the beginning of the third chap- 
ter, the lines of cardinal direction of which it is the centre. From this 
point we then lay off the base (bhuja) S L, according to its value in dig- 
its as ascertained by the previous process, and northward or southward, 
according to its true direction as determined by the same process. From 
L, its extremity, is laid off the perpendicular (koti), which has the fixed 
value of twelve digits. This, being a line perpendicular to the plane of 
the horizon, may be regarded as having no proper direction of its own 
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upon the surface of projection : but the text directs us to lay it off west- 
_ ... ward from L, apparently in order that 

the observer, standing upon the east- 
ern side of his base S L, and looking 
westward toward the setting sun, 
may have his figure duly before him. 
The western extremity of the perpen- 
dicular, M, represents the moon's 
place, and from that as a centre, and 
with a radius equal to the semi-diam- 
eter of the moon in digits, as ascer- 
tained by calculation for the given 
moment, a circle is described, repre- 
senting the moon's disk. Next we 
are to prolong the hypothenuse, S M, to e, and to draw, by the usual 
means, the line s n at right angles to it : the directions upon the disk 
thus determined by the hypothenuse, as the text phrases it, are called by 
the commentary " moon-directions" (candradipas). The sun being at S, 
the illuminated half of the moon's circumference will be s w n, the cusps 
will be at s and n, and w will be the extremity of the diameter of great- 
est illumination. From w, then, lay off upon the hypothenuse an amount, 
w x, equal to the measure in digits of the illuminated part of the diam- 
eter, and through s, x, and n describe an arc of a circle, in the manner 
already more than once explained (see above, vi. 14-16) ; the crescent 
swnx will represent the amount and direction of the moon's illumina- 
ted part at the given time. Now we once more make a determination 
of directions upon the disk according to the perpendicular L M ; that is 
to say, we prolong L M to «', and draw s' n' at right angles to it : the 
directions thus established are styled in the commentary " sun-directions" 
(shryadipas), although without obvious propriety : they might rather be 
called " apparent directions," or " directions on the sphere," since s' n' 
should represent a line parallel with the horizon, and w' e' one perpendicu- 
lar to it. The line s'n' is called in the text the " cross-line" (tiryaksiitra), 
and whichever of the moon's cusps is found upon that line is, we are told, to 
be regarded as the elevated (unnata) cusp, the other being the depressed 
one (nata). Whenever there is any base (bhuja), as S L, or whenever 
the moon and sun are not upon the same vertical line M L, there will 
take place, of course, a tilting of the moon's disk, by which one of her 
cusps will be raised higher above the horizon than the other ; the rela- 
tive value of the base to the perpendicular will determine the amount of 
the tilting, and of the deflection of the points of direction nesw from 
n' e' s' w' ; and the elevated cusp will always be that upon the same side 
of the perpendicular on which the base lies. What is meant by the 
latter half of verse 14 is not altogether clear. The commentator explains 
it in quite a different manner from that in which we have translated it : 
he understands koti as meaning in this instance " cusp," which signifi- 
cation it is by derivation well adapted to bear, and does actually receive, 
although not in any other passage of this treatise : and he explains the 
verb krtva, "having made," by drshtvd, "having seen": the phrase 
would then read "beholding the elevated cusp." We cannot accept 
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this explanation as a plausible one : to us the meaning seems rather to 
be that whereas, in the projection, the perpendicular (koti) LM is drawn 
on a horizontal surface, we are, in judging of the projection as an actual 
representation of the moon's position, to conceive of that line as 
erected, set up perpendicularly. 

We have thus far only supposed a case in which the calculations are 
made for the moment of sunset, the situation of the moon being in the 
western hemisphere of the heavens. In the text, however, there is noth- 
ing whatever to limit or determine the time of calculation, and it is evi- 
dent that the process of finding the base and perpendicular will be pre- 
cisely the same, if S (Fig. 32) be taken upon the eastern horizon, and 
the triangle S L M in the eastern hemisphere. The last verse supposes 
these to be the conditions of the problem, and lays down rules for de- 
termining in such a case the amount of illumination, and for drawing the 
projection. As regards the measure of the illuminated part, we are to 
follow the same general method as before, only substituting for the 
moon's distance in longitude from the sun her distance from the point 
of opposition, and regarding the result obtained as the measure of that 
part of the diameter which is obscured (asita, " black") ; since, during 
the waning half-month, darkness grows gradually over the moon's face 
in the same manner as illumination had done during the crescent half- 
month. But why the base (bhuja) is now to be laid off in the opposite 
to its calculated direction, we find it very hard to see. The commenta- 
tor says it is because all the conditions of the problem are reversed by 
our having to calculate and lay off the obscured, instead of the illumina- 
ted, part of the moon's disk : but the force of this reason is not apparent. 
The establishment in the projection of a point representing the position 
of the sun is, in effect, the one condition which sufficiently determines 
all the rest : if we are to make a projection corresponding to that 
drawn in illustration of the other case, we ought, it should seem, to 
draw the base in its true direction, and, stationing the observer upon the 
western side of it, looking eastward, to lay off the perpendicular away 
from him, toward the east; and then to proceed as before, only measur- 
ing the obscured part of the diameter from its remoter extremity, in- 
stead of from that next the sun. This latter direction is regarded by 
the commentator as actually conveyed in the final clause of verse 15 : he 
interprets " the circle (mandate) of the moon" to mean the dark part of 
the moon's disk, or that which is to be pointed out as increasing during 
the waning half-month, and " on the west" to mean on the western side 
of the complete disk, which is the side now turned away from th sun. 
It seems to us exceedingly questionable whether the passage fairly admits 
of this interpretation, but we have no other explanation of it to offer — 
unless, indeed, it is to be looked upon as a virtual repetition of the for- 
mer direction to lay off the perpendicular, which determines the posi- 
tion of the moon's disk, towards the west. 

We must confess that we feel less satisfied with our comprehension of 
the scope and methods of this chapter than of any that precedes it. We 
are disappointed at finding the result arrived at one of so indefinite a 
character, and of so little significance. The whole laborious calculation 
seems to be made simply for the sake of delineating the appearance of 
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the moon at a given moment, and pointing out which of her two horns 
has the greater altitude. No determination is made of the amount of 
angular deflection, upon which any consequences, meteorological, astro- 
logical, or of kay other character, could be founded ; nor is any hint 
given of the way in which the results of the process are to be turned to 
account. Moreover, while the object aimed at seems thus to be merely 
a projection, a time is selected at which the moon is not ordinarily visi- 
ble, so that she can not be seen to exhibit an accordance with her deline- 
ated appearance ! Once more, the whole process is an extremely faulty 
one : it is, in fact, only when the moon is herself at the horizon that her 
visible disk can be regarded as in the same plane with lines parallel with 
and perpendicular to the horizon, or that e' w' and n' s' (Fig. 33) repre- 
sent actual directions upon her face : anywhere else, the relations of the 
moon's disk at M in the first figure (Fig. 32) and at M in the other fig- 
ure (Fig. 33) are so different that the latter cannot fairly represent the 
former. It would seem, indeed, as if the moment of the moon's own 
setting or rising were the one for which such a calculation and projec- 
tion as this would have most significance: at that time, the disappear- 
ance or appearance of one of her horns before the other would be such 
a phenomenon as might seem to a Hindu astronomer worth the trouble 
of delineating, as a decisive proof of the accuracy of his scientific 
knowledge. We have not found it possible, however, to make the rules 
of the text apply to such a case, and the commentary is explicit in its 
definition of the time of the calculation, as sunset or sunrise alone, to 
the exclusion of any other moment. But the discordance existing at 
more than one point in the chapter between the text and the commen- 
tary suggests the conjecture that the original design of the one and the 
traditional interpretation of it represented by the other may be at vari- 
ance, and we are not without suspicions that the text may have been 
altered, so as not now fairly and accurately to represent any one consist- 
ent process. A better understanding of the general object of the calcu- 
lation and the use made of its results, and an acquaintance with the so- 
lutions of the problem presented by other astronomical treatises, might 
throw additional light upon these points ; but we are not able at present 
fully to avail ourselves of such assistance, nor is the importance of the 
subject such as to render incumbent upon us its fuller elucidation. 



CHAPTER XI. 

OP CERTAIN MALIGNANT ASPECTS OF THE SUN AND MOON. 

Contents:— 1-5, definition and description of the malignant aspects of the sun and 
moon, when of equal declination; 6-11, to find the longitude of the sun and 
moon when their declinations are equal; 12-13, to ascertain the corresponding 
time ; 14-1 5, to determine the duration of the aspect, and the moment of its be- 
ginning and end; 16-18, its continuance and its influences; 19, when such an as- 
pect may occur more than once, or not at all ; 20, occurrence of the yoga of like 
name and character; 21, of unlucky points in the circle of asterisms; 22, caution 
as to these unlucky aspects and points; 23, introductory to the following chapters. 
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1. When the sun and moon are upon the same side of either 
solstice, and when, the sum of their longitudes being a circle, 
they are of equal declination, it is styled vdidhrta. 

2. When the moon and sun are upon opposite sides of either 
solstice, and their minutes of declination are the same, it is 
vyatipdta, the sum of their longitudes being a half-circle. 

3. Owing to the mingling of the nets of their equal rays, the 
fire arising from the wrathfulness of their gaze, being driven on 
by the provector (pravaha), is originated unto the calamity of 
mortals. 

4. Since a fault (pdta) at this time often causes the destruction 
of mortals, it is known as vyatipdta, or, by a difference of title, 
vdidhrti. 

5. Being black, of frightful shape, bloody -eyed, big-bellied, the 
source of misfortune to all, it is produced again and again. 

Of all the chapters in the treatise, this is the one which has least in- 
terest and value. It is styled pdtddhikdra, " chapter of the patas," and 
concerns itself with giving a description of the malignant character of 
the times when the sun and moon have equal declination, upon the same 
or opposite sides of the equator, and with laying down rules by which 
the time of occurrence of those malignant aspects may be calculated. 
The latter part alone properly falls within the province of an astronom- 
ical treatise like the present : the other would better have been left to 
works of a professedly astrological character. The term pdta, applied to 
the aspects in question, means literally "fall," and hence also either 
"fault, transgression," or " calamity." We have often met with it above, 
in the sense of " node of a planet's orbit" ; as so used, it was probably first 
applied to the moon's nodes, because they were the points of clanger in 
her revolution, near which the sun or herself was liable to fall into the 
jaws of Rahu (see above, iv. 6) ; and it was then transferred also, though 
without the same reason, to the nodes of the other planets. As it is 
employed in this chapter, we translate it simply " aspect." Why the 
time when the sun and moon are equally distant from the equator should 
be looked upon as so especially unfortunate is not easy to discover, not- 
withstanding the lucid explanation furnished in the third verse. For the 
" provector" (pravaha), the wind which carries the planets forward in 
their orbits, see above, ii. 3. When the equal declinations are of oppo- 
site direction, the aspect is denominated vdidhrta, or vdidhrti. This 
word is a secondary derivative from vidhrti, " holding apart, withhold- 
ing," or from vidhrta : it has been noted above (under ii. 65) as the 
name of the last yoga ; and its use here is not discordant with that, 
since the twenty-seventh yoga also occurs when the sum of the longi- 
tudes of the sun and moon is 360°. The title of the other aspect (pdta), 
which occurs when the sun and moon are equally removed from the 
equator upon the same side of it, is vyatipdta, which may be rendered 
" very excessive sin or calamity." This, too, is the name of one of the 
yogas, but not of that one which occurs when the sum of longitudes of 
the sun and moon is 180°: the discordance gives occasion for the ex- 
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planation contained in verse 20, below. The specification of the text, 
that the aspects take place when the sum of longitudes equals a circle 
or a half-circle respectively, or when the two luminaries are equally dis- 
tant from either solstice, or either equinox, is not to be understood as 
exact : this would be the case if the moon had no motion in latitude ; 
but owing to that motion, the equality of declinations, which is the main 
thing, occurs at a time somewhat removed from that of equality of dis- 
tance from the equinoxes : the latter is called in the commentary ma- 
dhyap&ta, " the mean occurrence of the aspect." The terms translated 
by us "upon the same and upon the opposite sides of either solstice" 
are ekayanagata and viparit&yanagata, literally "situated in the same 
and in contrary ayanas"; ayana being, as already pointed out (end of 
note to iii. 9-12), the name of the halves into which the ecliptic is 
divided by the solstices. 

6. When the longitudes of the sun and moon, being increased 
by the degrees etc. found for the coincidence of the solstice with 
its observed place, are together nearly a circle or nearly a half- 
circle, calculate the corresponding declinations. 

7. Then, if the declination of the moon, she being in an odd 
quadrant, is, when corrected by her latitude {vikshepa), greater 
than the declination of the sun, the aspect (pdta) is already past ; 

8. If less, it is still to come : in an even quadrant, the contrary 
is the case. If the moon's declination is to be subtracted from 
her latitude, the rules as to the quadrant are to be reversed. 

As in other processes of a similar character (see above, iv. 7-8 ; vii. 
2-6), we are supposed to have found by trial, for the starting-point of 
the present calculation, the midnight next preceding or following the 
occurrence of the aspect in question, and to have determined for that 
moment the longitudes and rates of motion of both bodies, and the 
moon's latitude. In finding the longitudes, we are to apply the correc- 
tion for precession ; this is the meaning of the expression in verse 6, 
drktulyas&dhit&nf&di, which may be literally translated " degrees etc. 
calculated for accordance with observed place" ; the reference is to the 
similar expression for the precession contained in iii. 11. Next the de- 
clinations are to be found, and that of the moon as corrected for her lat- 
itude. And since, in the odd quadrants — that is to say, the first and 
third, counting from the actual vernal equinox — declination is increasing, 
while in the others it is decreasing, if the declination in an odd quad- 
rant of the moon, the swifter moving body, is already greater than that 
of the sun, the time of equality of declination is evidently already past, 
and the converse. But if, on the other hand, the moon's declination 
(using that term in its Hindu sense) is so small, and her latitude so 
great, being of opposite directions, that her actual distance from the 
equator is measured by the excess of the latter above the former, and so 
is of direction contrary to that of her declination, then, as declination 
increases, distance from the equator diminishes, or the contrary, and the 
conditions as formerly stated are reversed throughout. 
vol. vi. 49 



S82 E. Burgess, etc., [xi. 9- 

9. Multiply the sines of the two declinations by radius, and di- 
vide by the sine of greatest declination : the difference of the 
arcs corresponding to the results, or half that difference, is to be 
added to the moon's longitude when the aspect (pdta) is to come ; 

10. And is to be subtracted from the moon's longitude when 
the aspect is past. If the same quantity be multiplied by the 
sun's motion and divided by the moon's motion, the result is an 
equation, in minutes, which is to be applied to the sun's place, 
in the same direction as the other to the moon's. 

11. So also is to be applied, in the contrary direction, a like 
equation to ,the place of the moon's node. This operation is to 
be repeated, until the declinations of the two bodies come to be 
the same. 

By this process are ascertained the longitudes of the sun and moon 
at the time when their declinations are equal. Its method may be briefly 
explained as follows. At the midnight assumed as the starting-point of 
the whole calculation there is found to be a certain difference in the 
two declinations : we desire to determine how far the paths of the two 
luminaries must be traced forward or backward, in order that that differ- 
ence may be removed ; and this must be effected by means of a series 
of approximations. We commence our calculation with the moon, as 
being the body of more rapid motion. By a proportion the inverse of 
that upon which the rule for deriving the declination from the longitude 
(ii. 28) is founded, we ascertain at what longitude the moon would have 
the sun's actual declination, and at what longitude she would have 
her own actual declination, as corrected by her latitude : the difference 
between the two results is a measure of the amount of motion in longi- 
tude, forward or backward, by which she would gain or lose the differ- 
ence of declination, if the sun remained stationary and her own latitude 
unchanged. Since, however, that is not the case, we are compelled to 
calculate the corresponding motion of the sun, and also the moon's lati- 
tude in her new position ; and in order to the latter, we must correct the 
place of the node also for its retrograde motion during the interval. 
The motions of the sun and node are found by the following proportion : 
as the moon's daily motion is to that of the sun, or to that of the node, 
so is the correction applied to the moon's place to that which must be 
applied to the place of the sun, or to that of the node. A new set of 
positions in longitude having thus been found, the declinations are again 
to be calculated, and the same approximative process repeated — and so 
on, until the desired degree of accuracy is attained. 

The text permits us to apply, as the correction for the place of the 
moon, either the whole or the half of the difference of longitude found 
as the result of the first proportion : it is unessential, of course, in a 
process of this tentative character, what amount we assume as that of 
the first correction, provided those which we apply to the places of the 
sun and node be made to correspond with it : and there may be cases 
in which we should be conducted more directly to the final result of the 
process by taking only half of the difference. 
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12. The aspect (pdta) is at the time of equality of declinations ; 
if, then, the moon's longitude, as thus increased or diminished, 
be less than her longitude at midnight, the aspect is past ; if 
greater, it is to come. 

13. The minutes of interval between the moon's longitude as 
finally established and that at midnight give, when multiplied 
by sixty and divided by the moon's daily motion, the time of the 
aspect, in nadis. 

We had thus far found only the longitudes of the sun and moon at 
the time of equality of declination, and not that time itself: the latter 
is now derived from the former by this proportion : as the moon's daily 
motion is to a day, or sixty nadis, so is the difference between the 
moon's longitude at midnight and at the time of the aspect to the inter- 
val between the latter time and midnight. 

14. Multiply the half-sum of the dimensions (mdna) of the sun 
and moon by sixty, and divide by the difference of their daily 
motions : the result is half the duration (sthiti), in nadis etc. 

15. The corrected (sphuta) time of the aspect (pdta) is the mid- 
dle : if that be diminished by the half-duration, the result is the 
time of the commencement ; if increased by the same, it is the 
time of the end. 

16. The time intervening between the moments of the begin- 
ning and end is to be looked upon as exceedingly terrible, hav- 
ing the likeness of a consuming fire, forbidden for all works. 

The continuance of the centres of the sun and moon at the point of 
equality of declination is, of course, only momentary; but the aspect 
and its malignant influences are to be regarded as lasting as long as there 
is virtual contact of the two disks at that point, or as long as a central 
eclipse of the sun would last if it took place there. Its half-duration, 
then, or the interval from its middle to its beginning or end respectively, 
is found by a proportion, as follows : if in a day, or sixty nadis, the two 
centres of the sun and moon become separated by a distance which is 
equal to the difference of their daily motions, in how many nadis will 
they become separated by a distance which is equal to the sum of their 
semi-diameters? or 

diff. d. motions : 60 : : snm semi-diam. : half-duration 
And if this amount be subtracted from and added to the time of equal- 
ity of declination, the results will be the moments at which the aspect 
will begin and end respectively. 

Such is the plain and obvious meaning of the text in this passage. 
The commentator, however, in accordance with his interpretation of the 
next following verse (see below), declares that the aspect actually lasts 
as long as any portion of the moon's disk has the same declination with 
any portion of that of the sun ; and that, accordingly, it commences — 
the moon's declination being supposed to be increasing — whenever her 
remoter limb comes to have the same declination with the nearer limb 
of the sun, and ends when her nearer limb comes to have the same de- 
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clination with the remoter limb of the sun — the contrary being the case 
when her declination is decreasing. He acknowledges that the text 
does not seem to teach this, but puts in the plea which is usual with him 
when excusing a palpable inaccuracy in the statements or processes of 
the treatise ; namely, that the blessed author of the work, moved by pity 
for mankind, permitted here the substitution of difference of longitude 
for difference of declination, in view of the greater ease of its calcula- 
tion, and the insignificance of the error involved. That error, however, 
is quite the reverse of insignificant ; it is, indeed, so very gross and pal- 
pable that we cannot possibly suppose it to have been committed inten- 
tionally by the text ; we regard it as the easier assumption that the con- 
ditions of the continuance of the aspect are differently estimated in the 
text and in the commentary, being by the former taken to be as we have 
stated them above, in our explanation of the process. The view of the 
matter taken by the commentator, it is true, is decidedly the more nat- 
ural and plausible one : there seems no good reason why an aspect 
which depends upon equality of declination should be determined as to 
continuance by motion in longitude, or why the aspect should only oc- 
cur at all when the two centres are equally distant from the equator ; 
why, in short, there should not be partial aspects, like partial eclipses of 
the sun. If the doctrine of the commentary is a later development, or 
an independent form, of that which the text appears to represent, it is a 
naturally suggested one, and such as might have been expected to arise. 

17. While any parts of the disks of the sun and moon have 
the same declination, so long is there a continuance of this aspect, 
causing the destruction of all works. 

18. So, from a knowledge of the time of its occurrence, very- 
great advantage is obtained, by means of bathing, giving, prayer, 
ancestral offerings, vows, oblations, and other like acts. 

We have translated verse 17 in strict accordance with the interpreta- 
tion of it presented in the commentary, although we must acknowledge 
that we do not see how that interpretation is to be reconciled with the 
actual form of the text. The term ekayanagata, which the commenta- 
tor renders " having equal declination," is the same with that which in 
the first verse signified " situated in the same ayana" ; mandala, although 
it is sometimes used with the meaning " disk," here attributed to it by 
him, is the word employed in that same verse for a " circle," or " 360°" ; 
and anlara, which he explains by eJcadega, " any part," never, so far as 
we know, is properly used in that sense, while it is of frequent occur- 
rence elsewhere in this treatise with the meaning " interval." The nat- 
ural rendering of the line would seem to be " when there is between the 
sun and moon the interval of a circle, situated in the same ayana." 
This, however, yields no useful meaning, since such a description could 
only apply to an actual conjunction of the sun and moon. We do not 
see how the difficulty is to be solved, unless it be allowed us, in view of 
the discordance already pointed out as existing between the plain mean- 
ing of the previous passage and that attributed to it by the commenta- 
tor, to assume that the text has been tampered with in this verse, and 
made to furnish a different sense from that it originally had, partly by a 
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forced interpretation, but partly also by such an alteration of its readings 
as disables it from yielding any other intelligible meaning. 

19. When the equality of declinations of the sun and moon 
takes place in the neighborhood of the equator, the aspect may 
then again occur a second time : in the contrary case, it may fail 
to occur. 

Near the equinox, where declination changes rapidly, the moon, as 
the swifter moving body, may come to have twice, in rapid succession, 
the same declination with the sun, and upon the opposite sides of the 
equator. Near the solstice, on the other hand, where the ecliptic and 
equator are nearly parallel, the moon — if she happens to be nearer the 
equator than the sun is, owing to her latitude — may pass the region in 
which the aspect would otherwise be liable to occur, without having had 
a declination equal in amount to that of the sun. 

20. If the sum of the longitudes of the sun and moon, in min- 
utes, on being divided by the portion (bhoga) of an asterism 
(bhd), yields a quotient between sixteen and seventeen, there is 
another, a third, vyatipdta. 

This is simply a special application of the rule formerly given (ii. 65), 
for finding, for any given time, the current period named yoga. The sev- 
enteenth of the series, as is shown by the list there given, has the same 
name, vyalipata, with one of the aspects treated of in this chapter : 
judging from verse 22, below, it is also regarded as possessing a like por- 
tentous and malignant character. 

21. Of the asterisms (dhishnya) Aclesha" (sdrjoa), Jyeshtha (din- 
dra), and Revati (paushnya), the last quarters are junctions of 
the asterisms (bhasandhi) ; the first quarter in the asterisms fol- 
lowing these respectively is styled ganddnta. 

22. In all works, one must avoid the terrible trio of vyatipdtas, 
as also the trio of ganddntas, and this trio of junctions of as- 
terisms. 

The division of the ecliptic into twenty-sevenths, or asterisms, coin- 
cides with its division into twelfths, or signs, at the ends of the ninth, 
eighteenth, and twenty-seventh asterisms, which are also those of the 
fourth, eighth, and twelfth signs respectively. To this innocent circum- 
stance it seems to be owing that those points, and the quarters of por- 
tions, or arcs of 200', on either side of them, are regarded and stigma- 
tized as unlucky and ominous. Hence the title bhasandhi ; sandhi is 
literally " putting together, joint," and bha is, as has been noticed else- 
where (note to iii. 9-12), a name both of the asterisms and of the signs. 
In which of its various senses the word ganda is used in the compound 
gandanta, we do not know. 

23. Thus hath been related that supreme, pure, excellent, mys- 
terious, and grand system of the heavenly bodies : what else dost 
thou desire to know ? 
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In this verse re-appears the personality of the revealer of the treatise, 
the incarnation of a portion of the sun, which has been lost sight of 
since near the beginning of the work (i. 7). The questions addressed 
to him, in answer to this appeal, by Maya, the recipient of the revela- 
tion, introduce the next chapter, which, with the two that follow it, con- 
tains the additional explanations and instructions vouchsafed in reply. 
The last three chapters confessedly constitute a separate portion of the 
work, which is here divided into a p&rva khanda and an uttara khanda, 
or a " former Part" and a "latter Part." It is by no means impossible 
that the whole second Part is an appendix to the text of the Siddhanta 
as originally constituted. 

The title of the next following chapter is bMgoladhy&ya, " chapter of 
the earth-globe" : in the second part of the treatise the chapters are 
styled adhyaya, " lection," instead of, as hitherto, adhik&ra, " heading." 



CHAPTER XII. 

COSMOGONY, GEOGBAPHY, DIMENSIONS OF THE CEEATION. 

Contents : — 1-9, inquiries ; 10-28, development of the creative agencies, of the ele- 
ments, and of the existing creation; 29-31, form and disposition of the stellar 
and planetary systems ; 82-44, situation, form, structure, and divisions of the 
earth; 45-72, varying phenomena of night and day in different latitudes and 
zones; 1Z-11, revolutions of the stars and planets ; 78-V9, regents of the differ- 
ent divisions of time ; 80-90, dimensions of the planetary, stellar, and ethereal 
orbits. 

1. Then the demon Maya, prostrating himself with hands sup- 
pliantly joined before him who derived his being from the part 
of the Sun, and revering him with exceeding devotion, inquired 
as follows : 

2. blessed one ! of what measure is the earth ? of what 
form? how supported? how divided? and how are there in it 
seven interterranean (pdtdla) earths ? 

3. And how does the sun cause the varying distinction of day 
and night? how does he revolve about the earth, enlightening 
all creatures? 

4. For what reason are the day and night of the gods and of 
the demons opposed to one another? or how does that take place 
by means of the sun's completion of his revolution ? 

5. Why does the day of the Fathers consist of a month, but 
that of mortals of sixty nadis? for what reason is not this latter 
everywhere the case ? 

6. Whence is it that the regents of the days, years, months, 
and hours (hord) are not the same ? How does the circle of as- 
terisms (bhagana) revolve ? what is the support of it with the 
planets? 
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7. The orbits of the planets and stars, uplifted from the earth 
one above another — what are their heights ? what their inter- 
vals ? what their dimensions ? and what the order in which they 
are fixed ? 

8. Why are the rays of the sun hot in the summer, and not 
so in the winter ? how far do his rays penetrate ? How many 
modes of measuring time (mdna) are there? and how are they 
employed ? 

9. Eesolve these my difficulties, blessed one, creator of crea- 
tures ! for there is not found besides thee another resolver, who 
beholdeth all things. 

The proper answers to these inquiries commence at about the twenty- 
seventh verse of the chapter, the preceding philosophical history of the 
development of the existing creation being apparently volunteered by 
the revelator. All the questions then find their answers in this chapter, 
excepting that as to the methods of measuring time, which is disposed 
of in the fourteenth and concluding chapter. The subject of the thir- 
teenth chapter also seems not to be contemplated in the laying out, in 
this passage, of the scheme of subjects to be treated of in the remain- 
der of the treatise. 

10. Having heard the words thus uttered with devotion by 
Maya, he then again promulgated this mysterious and supreme 
Book (adhydya) : 

11. Listen with concentrated attention : I will proclaim the 
secret doctrine called the transcendental (adhydtma) : there is 
nothing which may not be bestowed on those who are exceed- 
ingly devoted to me. 

12. Vasudeva, the supreme principle of divinity (brahman), 
whose form is all that is (tat), the supreme Person (purusha), un- 
manifested, free from qualities, superior to the twenty-five prin- 
ciples, imperishable, 

13. Contained within matter (prakrti), divine, pervading every- 
thing, without and within, the attractor — he, having in the first 
place created the waters, deposited in them energy. 

14. That became a golden egg, on all sides enveloped in dark- 
ness : in it first became manifested the unrestrained, the everlast- 
ing one. 

15. He in the scripture (chandas) is denominated the golden- 
wombed (Jiiranyagarbha), the blessed ; as being the first (ddi) ex- 
istence, he is called Aditya ; as being generator, the sun. 

16. This sun, likewise named Savitar, the supreme source of 
light (jyotis) upon the border of darkness — he revolves, bringing 
beings into being, the creator of creatures. 

17. He is extolled as natural illuminator, destroyer of dark- 
ness, great. The Hymns (rcas) are his disk, the Songs (sdmdni) 
his beams, the Liturgy (yaj&nshi) his form. 
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18. He, the blessed one, is composed of the trio of sacred 
scriptures, the soul of time, the producer of time, mighty, the 
soul of the universe, all-penetrating, subtle : in him is the uni- 
verse established. 

19. Having made for his chariot, which is composed of the 
universe, a wheel consisting of the year, and having yoked the 
seven metres as his steeds, he revolves continually. 

20. Three quarters are immortal, secret ; this one quarter hath 
become manifest. In order to the production of the animated 
creation, he, the mighty one, produced Brahma, the principle of 
consciousness (ahdnkara). 

21. Bestowing upon him the Scriptures (veda) as gifts, and es- 
tablishing him within the egg as grandfather of all worlds, he 
himself then revolves, causing existence. 

22. Then Brahma, wearing the form of the principle of con- 
sciousness (ahankdra), produced mind in the creation : from mind 
was born the moon ; from the eyes, the sun, the repository of 
light; 

23. From mind, the ether ; thence, in succession, wind, fire, 
waters, earth — these five elements (mahdbhuta) were produced 
by the successive addition of one quality. 

24. Agni and Soma, the sun and moon : then Mars etc. were 
produced, in succession, from light, earth, ether, water, wind. 

25. Again, dividing himself twelve-fold, he, the mighty one, 
produced what is known as the signs ; and yet farther, what has 
the form of the asterisms {nakshatra), twenty-seven-fold. 

26. Then he wrought out the whole animate and inanimate 
creation, from the gods downward, producing forms of matter 
(praJcrti) from the upper, middle, and lower currents (srotas). 

27. Having produced them in succession, as stated, by a dif- 
ference of quality and function, he fashioned the distinctive char- 
acter of each, according to the showing of the Scripture (veday— 

28. That is, of the planets, asterisms, and stars, of the earth, 
and of the universe, he the mighty one ; of gods, demons, and 
mortals, and of the Perfected (siddha), in their order. 

We do not regard ourselves as called upon to enter into any detailed 
examination of this metaphysical scheme of development of the crea- 
tion, or to compare it critically with the similar schemes presented in 
other Hindu works, as Manu (chap, i), the Puranas (see Wilson's Vishnu 
Purana, Book I), etc. We will merely explain a few of its expressions, 
and of the allusions it contains. Vasudeva is an ordinary epithet of 
Vishnu, and its use in the signification here given it seems indicative of 
Vaishnava tendencies on the part of the author of the scheme. The 
twenty-five principles referred to in verse 12 are those established by 
the Sankhya philosophy. The reference in verse 15, first half, is to Rig- 
Veda x. 121. In the second half of the same verse we have a couple of 
false etymologies : Mitya comes, not from &d i, " first," but from aditi, 
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" eternity" ; and to derive s&rya, " sun," from the root sA, " generate" 
(from which savitar actually comes), is beyond the usual measure of 
Hindu theologico-philosophical etymologizing. The Hymns, Songs, and 
Liturgy are the three bodies of scripture commonly known as the Rig- 
Veda, Sama-Veda, and Yajur-Veda. The "seven metres" (v. 19) are 
those which are most often employed in the construction of the Vedic 
hymns : in parts of the Veda itself they are personified, and marvellous 
qualities and powers are ascribed to them. The obscure statement con- 
tained in the first half of verse 20 comes from verses 3 and 4 of the 
^i*rw»Aa-hymn (Rig- Veda x. 90 : the hymn is also found in others of 
the Vedic texts). The second half of verse 22 also nearly coincides 
with a passage (v. 13) in the same hymn. Of the five elements assumed 
by the Hindu philosophers, the first, ether, is said to be endowed only 
with the quality of audibleness ; the second, air, has that of tangibility 
also ; the third, fire, has both, along with color ; to these qualities the 
fourth element, water, adds that of savor ; the last, earth, possesses audi- 
bility, tangibility, color, savor, and odor : this is according to the doc- 
trines of the Sankhya philosophy. In verses 24 and 25 we have speci- 
fications introduced out of consideration for the general character and 
object of this treatise : as also, in the part assigned to the sun in the 
history of development, we may perhaps recognize homage paid to its 
asserted author. For the beings called in verse 28 the "perfected" (sid- 
dha), see below, verses 31 and 40. 

29. This Brahma-egg is hollow ; within it is the universe, con- 
sisting of earth, sky, etc. ; it has the form of a sphere, like a 
receptacle made of a pair of caldrons. 

30. A circle within the Brahma-egg is styled the orbit of the 
ether {vyoman) : within that is the revolution of the asterisms 
(bha) ; and likewise, in order, one below the other, 

31. Revolve Saturn, Jupiter, Mars, the sun, Venus, Mercury, 
and the moon ; below, in succession, the Perfected (siddha), the 
Possessors of Knowledge (vidyddhara), and the clouds. 

The order of proximity to the earth in which the seven planets are 
here arranged is, as noticed above (i. 51-52), that upon which depends 
the succession of their regency over the days of the week, and so also 
the names of the latter. So far as the first three and the last are con- 
cerned, it is a naturally suggested arrangement, which could hardly fail 
to be hit upon by any nation having sufficient skill to form an order of 
succession at all : the order in which the sun, Mercury, and Venus are 
made to follow one another is, on the other hand, a matter of more ar- 
bitrary determination, and might have been with equal propriety, for 
aught we can see, reversed or otherwise varied. Of the supernatural 
beings called the " possessors of knowledge " (vidy&dkara) we read only 
in this verse : the "perfected " we find again below, in verse 40, as inhab- 
itants of a city on the earth's surface. 

82. Quite in the middle of the egg, the earth-globe (bhugola) 
stands in the ether, bearing the supreme might of Brahma, which 
is of the nature of self-supporting force. 
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33. Seven cavities within it, the abodes of serpents (ndga) and 
demons (asura), endowed with the savor of heavenly plants, de- 
lightful, are the interterranean (pdtdla) earths. 

34. A collection of manifold jewels, a mountain of gold, is 
Meru, passing through the middle of the earth-globe, and pro- 
truding on either side. 

35. At its upper end are stationed, along with Indra, the gods, 
and the Great Sages (maliarshi) • at its lower end, in like man- 
ner, the demons (asura) have their place — each the enemy of the 
other. 

36. Surrounding it on every side is fixed next this great ocean, 
like a girdle about the eartb, dividing the two hemispheres of 
the gods and of the demons. 

37. And on all sides of the midst of Meru, in equal divisions 
of the ocean, upon islands (dvipa), in the different directions, are 
the eastern and other cities, fashioned by the gods. 

38. At a quadrant of the earth's circumference eastward, in 
the clime (varsha) Bhadracva, is the city famed as Yamakoti, 
having walls and gateways of gold. 

39. To the southward, in the clime Bharata, is in like manner 
the great city Lanka : to the west, in the clime called Ketumala, 
is declared to be the city named Romaka. 

40. Northward, in the clime Kuru, is declared to be the city 
called that of the Perfected (siddha) ; in it dwell the magnani- 
mous Perfected, free from trouble. 

41. These are situated also at a distance from one another of 
a quadrant of the earth's circumference ; to the north of them, 
at the same distance, is Meru, the abode of the gods (sura). 

42. Above them goes the sun when situated at the equinoxes ; 
they have neither equinoctial shadow nor elevation of the pole 
(akshonnati). 

43. In both directions from Meru are two pole-stars (dhruva- 
idrd), fixed in the midst of the sky : to those who are situated in 
places of no latitude (nirahsha), both these have their place in 
the horizon. 

44. Hence there is in those cities no elevation of the pole, the 
two pole-stars being situated in their horizon ; but their degrees 
of co-latitude (lambaka) are ninety : at Meru the degrees of lati- 
tude (aksha) are of the same number. 

In these verses we have so much of geography as the author of the 
chapter has seen fit to connect with his astronomical explanations. For 
a Hindu account of the earth, it is wonderfully moderate, and free from 
falsehood. The absurd fictions which the Puranas put forth as geogra- 
phy are here for the most part ignored, only two or three of the features 
of their descriptions being retained, and those in an altered form. To 
the Puranas (see especially Wilson's Vishnu Purana, Book II., chap, 
ii-vi), the earth is a plain, of immense dimensions. Precisely in the 
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middle of it rises Mount Meru, itself of a size compared with which the 
earth, as measured by the astronomers, is as nothing : it is said to be 
84,000 yojanas high, and buried at the base 16,000 yojanas; it has the 
shape of an inverted cone, being 32,000 yojanas in diameter at its up- 
per extremity, and only 16,000 at the earth's surface. Out of this moun- 
tain the astronomical system makes the axis of the earth, protruding at 
either extremity, indeed, but of dimensions wholly undefined. As the 
Puranas declare the summit of Meru, and the mountains immediately 
supporting it, to be the site of the cities inhabited by the different divin- 
ities, so also we have here the gods placed upon the northern extremity 
of the earth's axis, while their foes, the spirits of darkness, have their 
seat at the southern. The central circular continent, more than 100,000 
yojanas in diameter, in the midst of which Meru lies, is named Jambu- 
dvipa, "the island of the rose-apple tree": it is intersected by six paral- 
lel ranges of mountains, running east and west, and connected together 
by short cross-ranges : the countries lying between these ranges are 
styled varshas, " climes," and are all fully named and described in the 
Puranas, as are the mountain-ranges themselves. The half-moon-shaped 
strips lying at the bases of the mountains on the eastern, southern, west- 
ern, and northern edges of the continent, are called by the same names 
that are given by our text to the four insular climes which it sets up. 
Bharata is a real historical name, appearing variously in the early Hindu 
traditions ; Kuru, or Uttara-Kuru, is a title applied in Hindu geography 
of a less fictitious character to the country or people situated beyond the 
range of the Himalaya ; the other two names appear to be altogether 
imaginary. The Puranas say nothing of cities in these four climes. 
Lanka, as noticed above (i. 62), is properly an appellation of the island 
Ceylon ; and Eomaka undoubtedly comes from the name of the great 
city which was the mistress of the western world at the period of lively 
commercial intercourse between India and the Mediterranean : the other 
two cities are pure figments of the imagination. Our treatise, it will be 
observed, ignores the system of continents, or dvipas, and simply sur- 
rounds the earth with an ocean in the midst, like a girdle : the Puranas 
encompass Jambudvipa about with six other dvipas, or insular ring- 
shaped continents, each twice as vast as that which it encloses, and each 
separated from the next by an ocean of the same extent with itself. Of 
these seven oceans, the first, which washes the shores of Jambudvipa, is 
naturally enough acknowledged to be composed of salt water : but the 
second is of syrup, the third of wine, the fourth of clarified butter, the 
fifth of whey, the sixth of milk, and the last of sweet water. Outside 
the latter is an uninhabited land of gold, and on its border, as the out- 
most verge of creation, is the monstrous wall of the Lokaloka mountains, 
beyond which is only nothingness and darkness. 

The author of the Siddhanta-Qiromani, more submissive than the 
writer of our chapter to the authority of tradition, accepts (Goladhy., 
chap, ii) the series of concentric continents and oceans, but gives them 
all a place in the unknown southern hemisphere, while he regards Jam- 
budvipa as occupying the whole of the northern. 

-The put&las, or interterranean cavities, spoken of in verse 33, are also 
an important feature of the Puranic geography. If our author has not 
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had the good sense to reject them, along -with the insular continents, he 
at least passes them by with the briefest possible notice. In the Puranas 
they are declared to be each of them 10,000 yojanas in depth, and 
their divisions, inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the earth's surface. 

It will be observed that the text, although exhibiting in verse 41 a 
distinct apprehension of the fact that the pole is situated to the north- 
ward of all points of the equator alike, yet, in describing the position 
of the four great cities, speaks as if there were a north direction from 
Meru, in the continuation of the line drawn to the latter from Lanka, 
and an east and west direction at right angles with this. 

For the terrestrial equator, considered as a line or circle upon the 
earth's surface, there is no distinctive name ; it is referred to simply as 
the place "of no latitude" (niraksha, vyalcska). 

45. la the half-revolution beginning with Aries, the sun, be- 
ing in the hemisphere of the gods, is visible to the gods : but 
while in that beginning with Libra, he is visible to the demons, 
moving in their hemisphere. 

46. Hence, owing to his exceeding nearness, the rays of the 
sun are hot in the hemisphere of the gods in summer, but in 
that of the demons in winter : in the contrary season, they are 
sluggish. 

47. At the equinox, both gods and demons see the sun in the 
horizon ; their day and night are mutually opposed to each other. 

48. The sun, rising at the first of Aries, while moving on 
northward for three signs, completes the former half-day of the 
dwellers upon Meru; 

49. In like manner, while moving through the three signs be- 
ginning with Cancer, he completes the latter half of their day : 
he accomplishes the same for the enemies of the gods while 
moving through the three signs beginning with Libra and the 
three beginning with Capricorn, respectively. 

50. Hence are their night and day mutually opposed to one 
another ; and the measure of the day and night is by the com- 
pletion of the sun's revolution. 

51. Their mid-day and midnight, which are opposed to one 
another, are at the end of each half-revolution from solstice to 
solstice (ay ana). The gods and demons each suppose themselves 
to be uppermost. 

52. Others, too, who are situated upon the same diameter 
(samasutrastha), think one another underneath — as the dwellers 
in Bhadr&cva and in Ketumala, and the inhabitants of Lanka 
and of the city of the Perfected, respectively. 

53. And everywhere upon the globe of the earth, men think 
their own place to be uppermost *. but since it is a globe in the 
ether, where should there be an upper, or where an under side 
of it? 
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54. Owing to the littleness of their own bodies, men, looking 
in every direction from the position they occupy, behold this 
earth, although it is globular, as having the form of a wheel. 

55. To the gods, this sphere of asterisms revolves toward the 
right ; to the enemies of the gods, toward the left ; in a situa- 
tion of no latitude, directly overhead — always in a westerly di- 
rection. 

55. Hence, in the latter situation, the day is of thirty nadis, 
and the night likewise : in the two hemispheres of the gods and 
demons there take place a deficiency and an excess, always op- 
posed to one another. 

57. During the half-revolution beginning with Aries, there is 
always an excess of the day to the north, in the hemisphere of 
the gods — greater according to distance north — and a correspond- 
ing deficiency of the night ; in the hemisphere of the demons, 
the reverse. 

58. In the half-revolution beginning with Libra, both the de- 
ficiency and excess of day and night in the two hemispheres are 
the opposite of this: the method of determining them, which is 
always dependent upon situation (dega) and declination, has been 
before explained. 

59. Multiply the earth's circumference by the sun's declination 
in degrees, and divide by the number of degrees in a circle : the 
result, in yojanas, is the distance from the place of no latitude 
where the sun is passing overhead. 

60. Subtract from a quarter of the earth's circumference the 
number of yojanas thus derived from the greatest declination : 
at the distance of the remaining number of yojanas 

61. There occurs once, at the end of the sun's half-revolution 
from solstice to solstice, a day of sixty nadis, and a night of the 
same length, mutually opposed to one another, in the two hemi- 
spheres of the gods and of the demons. 

62. In the intermediate region, the deficiency and excess of 
day and night are within the limit of sixty nadis ; beyond, this 
sphere of asterisms (bha) revolves perversely. 

63. Subtract from a quarter of the earth s circumference the 
number of yojanas derived from the declination found by the 
sine of two signs: at that distance from the equator the sun is 
not seen, in the hemisphere of the gods, when in Sagittarius and 
Capricorn ; 

64. So also, in the hemisphere of the demons, when in Gemi- 
ni and Cancer: in the quarter of the earth's circumference where 
her shadow is lost, the sun may be shown to be visible. 

65. Subtract from the fourth part of the earth's periphery 
QcaksM) the number of yojanas derived from the declination 
found by the sine of one sign : at the distance from the place of 
no latitude of the remaining number of yojanas, 
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66. The sun, when situated in Sagittarius, Capricorn, Scorpio, 
and Aquarius, is not seen in the hemisphere of the gods; in 
that of the demons, on the other hand, when in the four signs 
commencing with Taurus. 

67. At Meru, the gods behold the sun, after but a single rising, 
during the half of his revolution beginning with Aries ; the de- 
mons, in like manner, during that beginning with Libra. 

68. The sun, during his northern and southern progresses 
(ayana) revolves directly over a fifteenth part of the earth's cir- 
cumference, on the side both of the gods and of the demons. 

69. Between those limits, the shadow is cast both southward 
and northward ; beyond them, it falls toward the Meru of either 
hemisphere respectively. 

70. When passing overhead at BhadrScva, the sun is rising in 
Bharata ; it is, moreover, at that time, midnight in KetumSla, 
and sunset in Kuru. 

71. In like manner also he produces, by his revolution, in 
Bharata and the other climes, noon, sunrise, midnight, and sun- 
set, reckoning from east to west. 

72. To one going toward Meru, there take place an elevation 
of the pole (dhruva) and a depression of the circle of asterisms ; 
to one going toward the place of no latitude, on the contrary, a 
depression of the former and an elevation of the latter. 

This detailed exposition of the varying relations of day and night in 
different parts of the globe is quite creditable to the ingenuity, and the 
distinctness of apprehension, of those by whom it was drawn out. It 
is for the most part so clearly expressed as to need no additional expla- 
nations : we shall append to it only a few brief remarks. 

How far, in verse 46, a true statement is given of the cause of the 
heat of summer and the cold of winter, may be made a matter of some 
question : the word which we have translated " nearness" (asannata) has 
no right to mean " directness, perpendicularity," and yet, when taken in 
connection with tbe preceding verse, it may perhaps admit that signifi- 
cation. The second chapter shows that the Hindus knew very well 
that the sun is actually nearer to the whole earth in winter, or when 
near his perigee, than in summer. 

The expression ayan&nta, "at the end of an ayana" employed in 
verses 51 and 61, and which we have rendered by a paraphrase, might 
perhaps have been as well translated, briefly and simply, " at either 
solstice." Probably ayana, as used in the sense of " solstice" (see above, 
end of note to iii. 9-12), is an abbreviated form of ayan&nta, like jy& for 
jyardha (ii. 15-27), and aksha for akshonnati (i. 60). 

In verse 55, we have translated by " toward the right" and " toward 
the left" the adverbs savyam and ajmsavyam, which mean literally " left- 
wise" and " right-wise" ; that is to say, in such a manner that the left 
side or the right side respectively of the thing making the revolution is 
turned toward that about which the revolution is made, this being the 
Hindu mode of describing the passing of one person about another per- 
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son or thing, especially in respectful salutation and in religious cere- 
monial. 

The natural measure of the clay and of the night is assumed in verse 
56 etc. to be the half of a whole day, or thirty nadls, and any deviation 
from that norm is regarded as an excess (dhana, vrddhi) or a deficiency 
(rna, han't, kshaya). The former processes referred to at the end of 
verse 58 are those taught in ii. 60-62. 

We have already above (note to i. 63-65) called attention to the fact 
that all the Hindu measurements of longitude and latitude upon the 
earth's surface are made in yojanas, and not in degrees. 

The expression " perversely " (yipartta) in verse 62 is explained by 
the commentator to mean " in such manner that the rules as already 
given cannot be applied" ; since the sine of the ascensional difference 
(cara — see ii. 61) as found by them would be greater than radius. 

The latter half of verse 64 is obscure : its meaning seems to be, as 
explained by the commentator, that over a corresponding portion of the 
earth's surface in the contrary hemisphere the sun is continuously visible 
during the same period, the shadow of the earth, which is the cause of 
night, not covering that portion. 

73. The circle of asterisms, bound at the two poles, impelled 
by the provector (pravaha) winds, revolves eternally: attached 
to that are the orbits of the planets, in their order. 

74. The gods and demons behold the sun, after it is once risen, 
for half a year ; the Fathers (pitaras), who have their station in 
the moon, for a half-month (paksha) ; and men upon the earth, 
during their own day. 

75. The orbit (kakshd) of one that is situated higher up is 
large ; that of one situated lower down is small. Upon a great 
orbit the degrees are great ; so also, upon a small one, they are 
small. 

76. A planet situated upon a small circuit (bhramana) traverses 
the circle of constellations (bhagana) in a little time ; one revolv- 
ing on a large circle (mandala), in a long time. 

77. The moon, upon a very small orbit, makes many revolu- 
tions : Saturn, moving upon a great orbit, makes, as compared 
with her, a much less number of revolutions. 

The connection and orderly succession of subjects is by no means 
strictly maintained in this part of the chapter. The seventy-fourth verse 
is palpably out of place, and is, moreover, in great part superfluous ; for 
the statement contained in its first half has already twice been made, in 
verses 45 and 67, and in the latter passage in nearly the same terms as 
here : its last specification, too, is of a matter too obvious to call for 
notice. Nevertheless, the verse cannot well be spared from the chapter, 
since it contains the only answer which is vouchsafed to the question of 
verse 5, above, respecting the day and night of the Fathers. In the 
assignment of the different divisions of time, as single days, to different 
orders of beings, the month has been given to the pitaras, " Fathers," or 
manes of the departed, and they are accordingly located in the moon, 
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each portion of whose surface enjoys a recurrence of day and night 
once in each lunar month. The next following verses, 75 to 71, are a 
rather unnecessary amplification of the idea already expressed in i. 26- 
27 ; but they answer well enough here as special introduction to the de- 
tailed exhibition of the measurements of the planetary orbits which is 
to follow. Before that is brought in, however, we have the connection 
again broken, by the intrusion of the two following verses, respecting 
the regents of years, months, days, and hours. 

78. Counting downward from Saturn, the fourth successively 
is regent of the day ; and the third, in like manner, is declared 
to be the regent of the year; 

79. Beckoning upward from the moon are found, in succession, 
the regents of the months ; the regents of the hours (hord), also, 
occur in downward order from Saturn. 

This passage appears to be introduced here as answer to the inquiry 
propounded in verse 6, above. Instead, however, of explaining why the 
different divisions of time are placed under the superintendence and pro- 
tection of different planets, the text contents itself with reiterating, in a 
different form, what had already been said before (I. 51-52) respecting 
the order of succession of the regents of the successive periods ; but 
adding also the important and significant specification respecting the 
hours, or twenty-fourths of the day. We have sufficiently illustrated 
the subject, in connection with the other passage ; we will only repeat 
here that, the planets being regarded as standing in the order in which 
they are mentioned in verse 31, above, their successive regency over the 
hours is the one fundamental fact upon which all the rest depend, each 
planet being constituted lord also of the day whose first hour is placed 
under his charge, and so likewise of the month and of the year over 
whose first hour and day he is regent — neither the month nor the year, 
any more than the hour itself, being divisions of time which are known 
to the Hindus in any other uses, and the name of the hour, hord, which 
is the Greek &g», betraying the source whence the whole system was 
introduced into India, 

80. The orbit (kakshd) of the asterisms (bka) is the circuit 
(bhramana) of the sun multiplied by sixty : by so many yojanas 
does the circle of the asterisms revolve above all. 

81. If the stated number of revolutions of the moon in an 
jEon (kalpa) be multiplied by the moon's orbit, the result is to 
be known as the orbit of the ether : so far do the rays of the sun 
penetrate. 

82. If this be divided by the number of revolutions of any 
planet in an iEon (kalpa), the result will be the orbit of that 
planet : divide this by the number of terrestrial days, and the 
result is the daily eastward motion of them all. 

83. Multiply this number of yojanas of daily motion by the 
orbit of the moon, and divide by a planet's own orbit ; the re- 
sult is, when divided by fifteen, its daily motion in minutes. 
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84. Any orbit, multiplied by the earth's diameter and divided 
by the earth's circumference, gives the diameter of that orbit ; 
and this, being diminished by the earth's diameter and halved, 
gives the distance of the planet. 

85. The orbit of the moon is three hundred and twenty-four 
thousand yojanas : that of Mercury's conjunction (cighra) is one 
million and forty -three thousand, two hundred and nine : 

86. That of Venus's conjunction (cighra) is two million, six 
hundred and sixty-four thousand, six hundred and thirty-seven : 
next, that of the sun, Mercury, and Venus is four million, three 
hundred and thirty-one thousand, five hundred : 

87. That of Mars, too, is eight million, one hundred and forty- 
six thousand, nine hundred and nine ; that of the moon's apsis 
(ticca) is thirty-eight million, three hundred and twenty-eight 
thousand, four hundred and eighty-four : 

88. That of Jupiter, fifty-one million, three hundred and sev- 
enty-five thousand, seven hundred and sixty -four : of the moon's 
node, eighty million, five hundred and seventy-two thousand, 
eight hundred and sixty -four : 

89. Next, of Saturn, one hundred and twenty-seven million, 
six hundred and sixty-eight thousand, two hundred and fifty-five : 
of the asterisms, two hundred and fifty-nine million, eight hun- 
dred and ninety thousand, and twelve : 

90. The entire circumference of the sphere of the Brahma-egg 
is eighteen quadrillion, seven hundred and twelve trillion, eighty 
billion, eight hundred and sixty-four million : within this is the 
pervasion of the sun's rays. 

We present below the numerical data given in these verses, in a form 
easier of reference and of comparison with the like data of other 
treatises : 

Planet etc. Orbit, in yojanaa: 

Moon, 3 24,000 

" apsis, 38,3a8,484 

•' node, 80,572,864 

Mercury (conjunction), 1,043,209 

Venus (conjunction), 2,664,637 

Sun, 4,33 1, 5oo 

Mars, 8,146,909 

Jupiter, 5i,375,764 

Saturn, 127,668,255 

Asterisms, 259,890,012 
Universe, 18,712,080,864,000,000 

We have already more than once (see above, notes to i. 25-27, and 
iv. 1) had occasion to notice upon what principles the orbits of the plan- 
ets, as here stated, were constructed by the Hindus. That of the moon 
(see note to iv. 1) was obtained by a true process of calculation, from 
genuine data, and is a tolerable approximation to the truth : all the 
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others are manufactured out of this, upon the arbitrary and false assump- 
tion that the mean motion of all the planets, each upon its own orbit, is 
of equal absolute amount, and hence, that its apparent value in each 
case, as seen by us, is inversely as the planet's distance, or that the di- 
mensions of the orbit are directly as the time employed in traversing 
it, or as the period of sidereal revolution. These dimensions, then, may 
be found by various methods : upon dividing the circumference of the 
moon's orbit by her time of sidereal revolution, we obtain as the 
amount of her daily motion in yojanas 11,858.717 nearly (more exactly 
11,858.71693+); and multiplying this by the time of sidereal revolu- 
tion of any planet, we obtain that planet's orbit. This is equivalent to 
making the proportion 

moon's sid. rev. : planet's sid. rev. : : moon's orbit : planet's orbit 

And since the times of sidereal revolution of the planets are inversely 
as the number of revolutions made by them in any given period, this 
proportion, again, is equivalent to 

planet's no. of rev. in an ^Eon : moon's do. : : moon's orbit : planet's orbit 

This is the form of the proportion from which is derived the rule as 
stated in the text, only the latter designates the product of the multi- 
plication of the moon's orbit by her number of revolutions as the orbit 
of the ether (akaga), or the circumference of the Brahma-egg, within 
which the whole creation, as above taught, is enclosed. This is the same 
thing with attributing to the outermost shell of the universe one com- 
plete revolution in an ^Eon (kalpa), of 4,320,000,000 years. 

There is one feature of the system exposed in this passage which to 
us is hitherto quite inexplicable : it is the assignment to the asterisms 
of an orbit sixty times as great as that of the sun. This, according to 
all the analogies of the system, should imply a revolution of the aster- 
isms eastward about the earth once in each period of sixty sidereal years. 
The same orbit is found allotted to them in the Siddhanta-Qiromani 
(Ganitadhy., iv. 5), and it is to be looked upon, accordingly, as an es- 
sential part of the general Hindu astronomical system. We do not see 
how it is to be brought into connection with the other doctrines of the 
system, or what can be its origin and import — unless, indeed, it be 
merely an application to the asterisms, in an entirely arbitrary way, of 
the general law that everything must be made to revolve about the 
earth as a centre. We have noticed above (note to iii. 9-12) its incon- 
sistency with the doctrine of the precession adopted in this treatise. 

The dimensions of the several orbits stated in the text are for the most 
part correct, being such as are derived by the processes above explained 
from the numbers of sidereal revolutions given in a former passage (i. 29 
-34). There is, however, one exception : the orbit of Mercury, as so 
derived, is 1,043,207.8, and the number adopted by the text — which re- 
jects fractions throughout, taking the nearest whole number — should be, 
accordingly, — 208, and not — 209. If we took as divisor the number of 
Mercury's revolutions in an JEon as corrected by the btja (see note to 
i. 29-34), we should actually obtain for his orbit the value given it by 
the text; the exact quotient being 1,043,208.73. But as none of the 
other orbits given are such as would be found by admitting the several 
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corrections of tlie bija, it seems preferable to assume that the text has at 
this point become corrupt, or else that the author of the chapter made 
a blunder in one of his calculations.* 

The value of a minute of arc upon the moon's orbit being fifteen yo- 
janas (see note to iv. 2-3), the value, in minutes, of any planet's mean 
daily motion may be readily found from its orbit by the proportion of 
which the rule given in verse 83 is a statement, as follows : as the dis- 
tance, or the orbit, of the planet in question is to that of the moon, so 
is the moon's mean motion in minutes, or 11,858.717 ~ 15, to that of 
the planet. 

In verse 84 we are taught to calculate the distance of any planet from 
the earth's surface : in order to this, we are first to find the diameter of 
the. planet's orbit, adopting, as the ratio of the diameter to the circum- 
ference, that of the diameter to the circumference of the earth — the for- 
mer, of course, as calculated (i. 59) by the false ratio of 1 : \/10. After 
being guilty of so gross an inaccuracy, it is quite superfluous, and a mere 
affectation of exactness, to take into account so trivial a quantity as the 
radius of the earth, in estimating the planet's distance from the earth. 

In the doctrine of the orbits of the planets, as here laid down, we 
have once more a total negation of the reality of their epicyclical mo- 
tions, and of their consequently varying distances from the earth in dif- 
ferent parts of their revolutions. 



CHATTER XIII. 

OF THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS. 

Contents: — 1—13, construction and equipment of the armillary sphere; 13-15, po- 
sition of certain points and sines upon it; 15-16, its adjustment and revolution; 
17-25, other instruments, especially for the determination of time. 

1. Then, having bathed in a secret and pure place, being pure, 
adorned, having worshipped with devotion the sun, the planets, 
the asterisms (b/ia), and the elves {guhyaka), 

2. Let the teacher, in order to the instruction of the pupil — • 
himself beholding everything clearly, in accordance with the 
knowledge handed down by successive communication, and 
learned from the mouth of the master {guru) — 

3. Prepare the wonder-working fabric of the terrestrial and 
stellar sphere (bhtibhagola) .... 

* The last six verses of the chapter, which contain thenumerical data, may very 
possibly be a later addition to its original content: the Ayin-Akbari (as translated 
by Gladwin), in its account of the astronomy of the Hindus, which it professedly 
bases upon the Surya-Siddhanta, gives these orbits (8vo. edition, London, 1800, 
ii. 806), but with the fractional parts of yojanas, as if independently derived from 
the data and by the rules of the text : the orbit of Mercury it states correctly, as 
l,043,207f yojanas. 
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We have already remarked above (note to xii. 1-9) that the subject 
of this chapter is one respecting which no inquiries were addressed at 
the beginning of the preceding chapter by the recipient to the commu- 
nicator of the revelation, and that the chapter accordingly wears in some 
measure the aspect of an interpolation. It comes in here as furnishing 
a means of illustrating to the pupil the mutual relations of the earth 
and the heavens as explained in the last chapter — and yet not precisely 
as there explained ; for it gives a representation only of the earth and 
of the one starry concave upon which the apparent movements of all 
the heavenly bodies are to be traced, and not of the concentric spheres 
and orbits out of which the universe has been declared to be constructed. 
The chapter has a peculiar title, unlike that of any other in the treatise : 
it is styled jyotishopaniskadadhy&ya, "lection of the astronomical TJpa- 
nishad." Upanishad is the name ordinarily given to such brief treatises, 
of the later Vedic period, or of times yet more modern, as are regarded 
as inspired sources of philosophical and theological knowledge, and are 
looked upon with peculiar reverence : its application to this chapter is 
equivalent to an assumption for it of especial sanctity and authority. It 
may possibly also indicate that the chapter is originally an independent 
treatise, incorporated into the text of the Surya-Siddhanta. 

The word bha, in verse 1, may mean either the asterisms proper 
(nakshatra), or the signs (rdfi), and is explained by the commentator as 
intended to include both. The gvhyakas, " secret ones," are a class of 
demigods who attend upon Kuvera, the god of wealth, and are the' 
keepers of his treasures : why they are mentioned here, as objects of 
especial reverence to the astronomical teacher, is not obvious. The com- 
mentator explains the word by " Yakshas etc., lesser divinities." In our 
translation of verse 3 we have followed the reading of the published 
text, which Colebrooke also appears to have had before him : our own 
manuscripts read, instead of bhubhagola, bhivmigola and bkdmer gola, 
" sphere of the earth" simply, 

Colebrooke, in his essay On the Indian and Arabian Divisions of the 
Zodiac (As. Keg., ix. 323 etc, ; Essays, ii. 321 etc.) to which we have 
already so often had occasion to refer, gives a translation of part of this 
chapter, from the beginning of the third to the middle of the thirteenth 
verse, as also a brief sketch of the armillary sphere of which the con- 
struction is taught in the Siddh&nta-Ciromani. He farther furnishes a 
description, and a comparison with these, of the somewhat similar in- 
struments employed by the Greeks, the Arabs, and the early European 
astronomers. It has not seemed to us worth while to extract these de- 
scriptions and comparisons, or to draw up others from independent and 
original sources : the object of the Hindu instrument is altogether differ- 
ent from that of the others, since it is intended merely as an illustration 
of the positions and motions of the heavenly bodies, while those are 
meant to subserve the purposes of astronomical observation ; and its 
relation to them is determined by this circumstance : while it, of course, 
possesses some of the circles which enter into the construction of the 
others, it is, upon the whole, a very different and much more complicated 
and cumbersome structure. There is nothing in the way of supposing 
that the first hint of its construction may have been borrowed from the 
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instruments of western nations : but, on the other hand, it may possi- 
bly admit also of being regarded as an independent Hindu device. 

3. . . . Having fashioned an earth-globe of wood, of the de- 
sired size, 

4. Fix a staff, passing through the midst of it and protruding 
at either side, for Meru ; and likewise a couple of sustaining 
hoops (kakshd), and the equinoctial hoop ; 

5. These are to be made with graduated divisions (artgula) of 
degrees of the circle (bhagana). . . . 

The fixing of a solid globe of wood, representing the earth, in the 
midst of this instrument, is of itself enough to render impracticable its 
application to purposes of astronomical observation. For Meru, the 
axis and poles of the earth, see verse 34 of the preceding chapter. We 
are not informed of what relative size the globe and the encompassing 
hoops are to be made ; probably their relation is to be such that the 
globe will be a small one, contained within an ample sphere. The two 
" supporting hoops," to which are to be attached all the numerous par- 
allels of declination hereafter described, are, of course, to be fastened to 
the axis at right angles to one another, and to represent the equinoctial 
and solstitial colures. The commentary directly prescribes this, and the 
text also assumes it in a later passage (v. 10). 

Colebrooke, following the guidance of the commentators, treats the 
former half of verse 5 as belonging to the following passage, instead of 
the preceding. It can, however, admit of no reasonable question that 
the connection as established in our translation is the true one : it is de- 
manded by the natural construction of the verses, and also yields a de- 
cidedly preferable sense. 

5. . . . Farther — by means of the several day -radii, as adapted 
to the scale established for those other circles, 

6. And by means of the degrees of declination and latitude 
(vilcshepa) marked off upon the latter — at their own respective 
distances in declination, according to the declination of Aries 
etc., three 

7. Hoops are to be prepared and fastened : these answer also 
inversely for Cancer etc. In the same manner, three for Libra 
etc., answering also inversely for Capricorn etc., 

8. And situated in the southern hemisphere, are to be made 
and fastened to the two hoop-supporters. . . . 

The grammatical construction of this passage is excessively cumbrous 
and intricate, and we can hardly hope that the version which we have 
given of it will be clearly understood without farther explanations. Its 
meaning, however, is free from ambiguity. We have thus far only three 
of the circles out of which our instrument is to be constructed, namely 
those intended to represent the two colures and the equator: we are 
next to add hoops for the diurnal circles described by the sun when at 
the points of connection between the different signs of the zodiac. Of 
these there will be, of course, three north of the equator, one for the 
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sun at the end of Aries and at the beginning of Virgo, one for the sun 
at the end of Taurus and at the beginning of Leo, and one for the sun 
at the end of Gemini and the beginning of Cancer, or at the solstice : 
also, in the southern hemisphere, three others corresponding to these. 
The dimensions of which they must be made are to be determined by 
their several radii (which are called day-radii — see above, ii. 60), as 
ascertained by calculation and reduced to the same scale upon which the 
colures and equator were constructed. They are then to be attached to 
the two general supporting hoops, or colures, each at its proper distance 
from the equator ; this distance is ascertained by calculating the decli- 
nation of the sun when at the points in question, and is determined 
upon the instrument by the graduation of the two supporting hoops. 
This graduation is in the text called that for declination (kranti) and 
latitude (yikshepa) : it will be remembered that, according to Hindu 
usage, the latter means distance from the ecliptic as measured upon a 
circle of declination. 

8. . . . Those likewise of the asterisms (bha) situated in the 
southern and northern hemispheres, of Abhijit, 

9. Of the Seven Sages (saptarshayas), of Agastya, of Brahma 
etc., are to be fixed .... 

If the orders given in these verses are to be strictly followed, our instru- 
ment must now be burdened with forty-two additional circles of diurnal 
revolution, namely those of the twenty-seven junction-stars (yogat&ra) 
of the asterisms and of that of Abhijit — which is here especially men- 
tioned, as not being always ranked among the asterisms (see above, 
p. 352 etc.) — those of the seven other fixed stars of which the positions 
were stated in the eighth chapter (vv. 10-12 and 20-21), and also those 
of the Seven Sages, or the conspicuous stars in Ursa Major (see end of 
the last note to the eighth chapter). Such impracticable directions, 
however, cannot but inspire the suspicion that the instrument may never 
have been constructed except upon paper. 

9. . . . Just in the midst of all, the equinoctial (vdishuvati) 
hoop is fixed. 

10. Above the points of intersection of that and the support- 
ing hoops are the two solstices (ayana) and the two equinoxes 
(vishuvat) .... 

We have already noticed (note to iii. 6) that the celestial equator de- 
rives its name from the equinoxes through which it passes. It seems a 
little strange that the adjustment of the hoop representing it to the two 
supporting hoops, which we should naturally regard as the first step in 
the construction of the instrument, is here assumed to be deferred uutil 
after all the other circles of declination are fixed in their places. 

The word translated " above" (ttrdhvam) in verse 10 requires to be 
understood in two very different senses, as is pointed out by the com- 
mentator, to make the definitions of position of the solstices and of the 
equinoxes both correct : the latter are situated precisely at the intersec- 
tion of the equinoctial colure with the equator ; the former at a distance 
of 24° above and below the intersection of the equator with the other 
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colure, or at the intersection of the colure with the third parallel of the 
sun's declination, on either side of the equator. 

We arc next taught how to fix in its proper position the hoop which 
is to represent the ecliptic. 

10. . . . From the place of the equinox, with the exact num- 
ber of degrees, as proportioned to the whole circle, 

11. Fix, by oblique chords, the spaces (Jcshetra) of Aries and 
the rest ; and so likewise another hoop, running obliquely from 
solstice (ayana) to solstice, 

12. And called the circle of declination (krdnli): upon that 
the sun constantly revolves, giving light : the moon and the other 
planets also, by their own nodes, which are situated in the eclip- 
tic (apamandala), 

13. Being drawn away from it, are beheld at the limit of their 
removal in latitude (vikshepa) from the corresponding point of 
declination. . . . 

Instead of simply directing that a circle or hoop, of the same dimen- 
sions as those of the equator and colures, be constructed to represent the 
ecliptic, and then attached to the others at the equinoxes and solstices, 
the text regards it as necessary to fix, upon the six diurnal circles of 
the sun of which the construction and adjustment were taught above, 
in verses 5-8, the points of division of all the twelve signs, before 
the ecliptic hoop can be added -to the instrument. In the compound 
tlryagjya, in verse 11, which we have rendered "oblique chords," we 
conceive jy& to have its own more proper meaning of "chord," instead of 
that of "sine," which, by substitution for jy&rdha (see note to ii. 15-27, 
near the end), it has hitherto uniformly borne. We are to ascertain by 
calculation the measure of the chord of 30°, to reduce it to the scale of 
dimensions adopted for the other great circles of the instrument, and 
then, commencing from either equinox, to lay it off, in an oblique direc- 
tion, to the successive diurnal circles, northward and southward, thus 
fixing the positions upon them of the initial and final points of the 
twelve signs ; and through all these points the ecliptic hoop is to be 
made to pass. 

It does not appear that separate hoops for the orbits of the other 
planets, attached to the ecliptic at their respective nodes, are to be ad- 
ded to the instrument. 

In verse 12 we have a name for the ecliptic, apamandala, which does 
not occur elsewhere in the treatise. The word might be literally trans- 
lated "off-circle," and regarded as designating the circle which deviates 
in direction from the neighboring equator; but it is more probably an 
abbreviation for apakramamandala, which would mean, like the ordinary 
terms krantimandala, kr&ntivrtta, " circle of declination." 

13. . . . The orient ecliptic-point (lagna) is that at the orient 
horizon ; the Occident point (astamgachat) is similarly determined. 

14. The meridian ecliptic-point (madhyama) is as calculated by 
the equivalents in right ascension (lankodayds), for midJieaven 
(khamadhya) above. The sine which is between the meridian 
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(madhya) and the horizon (kshitija) is styled the day-measure 
(ant yd). 

15. And the sine of the sun's ascensional difference (caradala) 
is to be recognized as the interval between the equator (vishuvat) 
and the horizon. . . . 

These verses contain an unnecessary and fragmentary, as also a con- 
fused and blundering, definition of the positions upon the sphere of a 
few among the points and lines which have been used in the calculations 
of the earlier parts of the treatise. We are unwilling to believe that 
the passage is anything but a late interpolation, made by an awkward 
hand. For the point of the ecliptic termed lagna, or that one which is 
at any given moment passing the eastern horizon, or rising, see iii. 46- 
48, and note upon that passage. The like point at the western horizon, 
which the commentator here calls astalagna, " lagna of setting," and 
which the text directs us to find " in a corresponding manner," has never 
been named or taken into account anywhere in the treatise : we have 
seen above (as for instance, in ix. 4-5) that all its processes into which 
distance in ascension enters as an element are transferred for calculation 
from the Occident to the orient horizon. For madkyalagna, the point 
of the ecliptic situated upon the meridian, see above, iii. 4ft and note. 
Although we have ordinarily translated the term by " meridian ecliptic- 
point," this being a convenient and exact definition of the point actually 
referred to, we do not regard the word madhya, occurring in it, as mean- 
ing "meridian" in the sense in which it is used in modern astronomy, 
namely the great circle passing through the observer's zenith and the 
north and south points of his horizon. For it deserves to be noted that 
the text has no distinctive name for the meridian, and nowhere makes 
any reference to it as a circle on the sphere : it will be seen just below 
that, while the position of the horizon is defined, the meridian is not 
contemplated as a circle of sufficient consequence to require to be rep- 
resented upon the illustrative armillary sphere. The commentator not 
very infrequently has occasion to speak of the meridian, and styles it 
y&myottaravrtta, "south and north circle," or {irdhvayamyottaravrtla, 
"uppermost south and north circle." In the latter half of verse 14, 
where we have translated madhya by " meridian," it would have been 
more exact to say " mid-heaven," or " the sun at the middle of his visi- 
ble revolution," or " the sun when at the point called madkyalagna." 
For the " day-measure" (antya), see above, iii. 34-36. Its definition 
given here is as bad as it could well be : for, passing over the fact that 
the line in question is not properly a sine, and moreover that the text 
does not tell us in which of the numberless possible directions it is to be 
drawn from the meridian to the horizon, the line which it is attempted 
to describe is not the one which the treatise regards as the antya, but 
the correspondent of the latter in the small circle described by the sun. 
That is to say, the text here substitutes the line DA in Fig. 8, above 
(p. 232), for the line EG. A similar blunder is made in defining the 
sine of the sun's ascensional difference (carajya) : the line A B in the 
same figure, which is the " earth-sine" (kujyd, kshitijya), is taken, in- 
stead of its equivalent in terms of a great circle, C G. Moreover, the 
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text reads " equator" (vishuvat — E C in the figure) here for " east and 
west hour-circle" (unmaqdala — CP): the commentator restores the 
latter, and excuses the substitution by a false translation of the latter 
half of iii. 6, making it mean " the east and west hour-circle is likewise 
denominated the equinoctial circle." 

In verse 14, lankoday&s is substituted for the more usual term lanJco- 
dayasavas (see above, iii. 49, and note), in the sense of " equivalents of 
the signs in right ascension," literally, " at Lanka." 

15. . . . Having turned upward one's own place, the circle of 
the horizon is midway of the sphere. 

16. As covered with a casing (vastra) and as left uncovered, 
it is the sphere surrounded by Lokaloka. . . . 

The simple direction to turn upward one's own situation upon the 
central wooden globe which represents the earth does not, it is evident, 
contemplate any very careful or exact adjustment of the instrument. 

Verse 16 is very elliptical and obscure in its expressions, but their 
general meaning is plain, and is that which is attributed to them by the 
commentator. The proper elevation having been given to the pole of 
the sphere, a circle is by some means or other to be fixed about its 
midst, or equally distant from its zenith and nadir, to represent the 
horizon. Then the part below is to be encased in a cloth covering, the 
upper hemisphere alone being left open. As thus arranged, the sphere 
is, as it were, girt about by the Lokaloka mountains. Lokaloka is, as we 
have seen above (note to xii. 32-44), the name of the giant mountain- 
range which, in the Puranic geography, is made the boundary of the 
universe: it is apparently so called because it separates the world (loka) 
from the non-world (aloha) ; and as out of the Puranic Meru the new 
astronomical geography makes the axis and poles of the earth, so out of 
these mountains it makes the visible horizon. 

The " wonder-working fabric of the terrestrial and stellar sphere" is 
now fully constructed, and only requires farther, in order to its comple- 
tion as an edifying and instructive illustration of the relations of the 
heavens to the earth, to be set in motion about its fixed axis. 

16. . . . By the application of water is made ascertainment of 
the revolution of time. 

17. One may construct a sphere-instrument combined with 
quicksilver : this is a mystery ; if plainly described, it would be 
generally intelligible in the world. 

18. Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor (guru). In each successive 
age {yuga), this construction, having become lost, is, by the Sun's 

19. Favor, again revealed to some one or other, at his 
pleasure. ... 

Here we have another silly mystification of a simple and compara- 
tively insignificant matter, like that already noticed at the end of the 
sixth chapter. The revolution of the machine of which the construc- 
tion has now been explained, in imitation of the actual motion of the 
vol. vi. 52 
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heavcns about the earth, is something so calculated to strike the minds 
of the uninitiated with wonder, that the means by which it is to be 
accomplished must not be fully explained even in this treatise, lest they 
should become too generally known : they must be learned by each 
pupil directly from his teacher, as the latter has received them by suc- 
cessive tradition, from the original and superhuman source whence they 
came. It is perfectly evident that such a fabric could only be made to 
revolve in a rude and imperfect wayj that it should have marked time, 
and continued for any period to correspond in position with the actual 
sphere, is impossible. 

The word which, upon the authority of the commentator, we have 
rendered "water," in verse 16, is amrtasr&va, literally "having an im- 
mortal flow": perhaps the phrase should be translated rather, "by 
managing a constant current of water." 

19. . . . So also, one should construct instruments (yantra) in 
order to the ascertainment of time. 

20. When quite alone, one should apply quicksilver to the 
wonder-causing instrument. By the gnomon (ganku), staff (jjashti), 
arc (dhanus), wheel {cakrd), instruments for taking the shadow, 
of various kinds, 

21. According to the instruction of the preceptor {guru), is to 
be gained a knowledge of time by the diligent. . . . 

The commentator interprets the first part of verse 20 in correspond- 
ence with the sense of the preceding passage : the application of mer- 
cury to a revolving machine, in order to give it the appearance of auto- 
matic motion, must be made privately, lest people, understanding the 
method too weli, should cease to wonder at it. The instruments men- 
tioned in the latter half of the same verse are explained in the com- 
mentary simply by citations from the yantr&dhy&ya, " chapter of instru- 
ments," of the Siddhanta-Qiromani (Goladhy., pp. 111-136, published 
edition). We will state, as briefly as may be, their character : 

The gnomon ($anku) needs no explanation : its construction and the 
method of using it have been fully exhibited in the third chapter of our 
treatise. The " staffrinstrument" (j/ashtiyantra) is described as follows. 
A circle is described upon a level surface with a radius proportioned to 
that of the sphere, or to tabular radius. Its cardinal points are ascer- 
tained, and its east and west and north and south diameters are drawn. 
From the former, at either extremity, is laid off the sine of amplitude 
(agra) ascertained by calculation for the given day : the points thus de- 
termined upon the circumference of the circle represent the points on 
the horizon at which the sun rises and sets. Another circle, with a ra- 
dius proportioned to that of the calculated diurnal circle of the day 
(dyujyd), is also described about the centre ,of the other, and is divided 
into sixty equal parts, representing the division of the sun's daily revolu- 
tion into sixty nadts. Into a depression at the centre, the foot of a 
staff (yashti), equal in length to the radius of the larger circle, is loosely 
inserted. ' When it is desired to ascertain the time of the day, this staff 
is pointed directly toward the sun, or in such manner that it casts no 
shadow 5 its extremity then represents the place of the sun at the 
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moment upon the sphere. Measure, by A stick, the distance of that 
extremity from the point of sunrise or of sunset : this will be the chord 
of that part of the diurnal circle which is intercepted between the sun's 
actual position and the point at which he rose, or will set : the value of 
the corresponding arc in nadis may be ascertained by applying the stick 
to the lesser graduated circle. The result is the time since sunrise, or 
till sunset. 

The " wheel " (cakra) is a very simple instalment for obtaining, by 
observation, the sun's altitude arid zenith-distance. It is simply a wheel, 
suspended by a string, graduated to degrees, having its lowest point 
and the extremities of its horizontal diameter distinctly marked, and 
with a projecting peg at the centre. When used, its edge is turned to- 
ward the sun, so that the shadow of the peg falls upon the graduated 
periphery, and the distances of the point where it meets the latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distance of the sun. From these, by the 
methods of the third chapter (iii. 37-39), the time may be derived. 

The "arc" (dhanus) is the lower half of the instrument just described 
— or, we may also suppose, a quadrant of it ; since only a quadrant is 
required for making the observations for which the instrument is em- 
ployed. 

21. By water-instruments, the vessel (hapdla) etc., by the pea- 
cock, man, monkey, and by stringed sand-receptacles, one may 
determine time accurately. 

22. Quicksilver-holes, water, and cords, ropes ($ulba), and oil 
and water, mercury, and sand are used in these : these applica- 
tions, too, are difficult. 

The instruments and methods hinted at in these verses are only par- 
tially and obscurely explained by the commentator. The kap&la, " cup" 
or "hemisphere," is doubtless the instrument which is particularly 
described below, in verse 23. The nara, " man," is also spoken of be- 
low, in verse 24, and is simply a gnomon ; it is perhaps one of a partic- 
ular construction and size, and so named from having about the height 
of a man. The peacock and monkey are obscure. The " sand-vessels" 
(renucrarbka), which are " provided with cords" (sasutra), are probably 
suspended instruments, of the general character of our hour-glasses. 
The commentator connects them also with the " peacock," as if the 
latter were a figure of the bird having such a vessel in his interior, and 
letting the sand pour out of his mouth. In illustration of the "quick- 
silver-holes" (p&radAra) a passage is cited from the Siddh&nta-^iromani 
(as above), giving the description of an instrument in which they are 
applied. It is a wheel, having on its outer edge a number of holes, of 
equal size, and at equal distances from one another, but upon a zig-zag 
line : these holes are filled half full of mercury, and stopped at the ori- 
fice : and it is claimed that the wheel will then, if supported upon an 
axis by a couple of props, revolve of itself. The application- of this 
method may well enough be styled " difficult" : if a machine so con- 
structed would work, the Hindus would be entitled to the credit of 
having solved the problem of perpetual motion. The descriptions of 
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cne or two other somewhat similar machines are also cited in the com- 
mentary from the Siddhanta-Qiromani : the only new feature worthy of 
notice which they contain is the application of the siphon, or bent tube, 
in emptying a vessel of the water it contains. 

It will have been noticed that, throughout the whole of this chapter, 
the different parts or passages end in the middle of a verse. In the 
twenty-first verse the coincidence between the end of a passage and the 
end of a verse is re-established, but it is at the cost of such an irregular- 
ity as is nowhere else committed in the treatise : the verse is made to 
consist of three half-§lokas, instead of two, the whole chapter being 
thus allowed to contain an uneven number of lines. There are two or 
three very superfluous half-verses at the beginning of the chapter, the 
omission of any one of which would seem an easier and preferable 
method of restoring the regular and connected construction of the text. 

23. A copper vessel, with a hole in the bottom, set in a basin 
of pure water, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument. 

This instrument appears to have been the one most generally and fre- 
quently in use among the Hindus for the measurement of time : it is the 
only one described in the Ayin-Akbari (ii. 302). One of the common 
names for the sixtieth part of the day, gkati or ghatika, literally " ves- 
sel," is evidently derived from it : the other, nddt or nadikd, " reed," 
probably designated in the first place, and more properly, a measure of 
length, and not of time. A verse cited in the commentary to this pas- 
sage gives the form and dimensions of the vessel used : it is to be of ten 
patios' weight of copper, six digits (angula) high, and of twice that width 
at the mouth, and is to contain sixty palas of water : the hole in the 
bottom through which it is to fill itself is to be such as will just admit 
a gold pin four digits long, and weighing three and a third m&shas. 
The description of the Ayin-Akbari does not precisely agree with this ; 
and it is, indeed, sufficiently evident that an instrument intended for 
such a purpose could not be accurately constructed by Hindu workmen 
from measurements alone, but would have to be tested by comparison 
with some recognized standard, or by actual use. 

24. So also, the man-instrument (narayantra) is good in the 
day-time, and when the sun is clear. The best determination of 
time by means of determinations of the shadow has been ex- 
plained. 

We have already noticed above, under verse 21, that the nam was a 
simple gnomon. The explanations here referred to are, of course, those 
which are presented in the third chapter. 

The concluding verse of the chapter is an encouragement held out to 
the astronomical student. 

25. He who thoroughly knows the system of the planets and 
asterisms, and the sphere, attains the world of the planets in the 
succession of births, his own possessor. 



xiv. 3.] S&rya-Siddhdnta. 409 

CHAPTER XIV. 
OF THE DIFFERENT MODES OF BECKONING TIME. 

Contents : — 1-2, enumeration of the modes of measuring time, and general explan- 
ation of their uses; 3, solar time; 4-6, of the periods of eighty-six days; 7-1 1, 
of points and divisions in the sun's revolution ; 12-13, lunar time ; 14, time of the 
Fathers ; 15, sidereal time ; 15-16, of the months and their asterisms ; 17, of the 
twelve-year cycle of Jupiter ; 18-19, civil, or mean solar, time ; 20-21, time of 
the gods, Prajapati, and Brahma ; 22-26, conclusion of the work. 

1. The modes of measuring time (mdna) are nine, namely those 
of Brahma, of the gods, of the Fathers, of Prajapati, of Jupiter, 
and solar (sdura), civil (sdvana), lunar, and sidereal time. 

2. Of four modes, namely solar, lunar, sidereal, and civil time, 
practical use is made among men ; by that of Jupiter is to be de- 
termined the year of the cycle of sixty years ; of the rest, no 
use is ever made. 

This chapter contains the reply of the sun's incarnation to the last of 
the questions addressed to him by the original recipient of his revela- 
tion (see above, xii. 8). The word mdna, which gives it its title of md- 
n&dhy&ya, and which we have translated " mode of measuring or reck- 
oning time," literally means simply " measure" : it is the same term 
which we have already (iv. 2-3) seen applied to designate the measured 
disks of the sun and moon. 

3. By solar (sdura) time are determined the measure of the 
day and night, the shada(fitimukhas, the solstice (ayana), the equi- 
nox (vishuvat\ and the propitious period of the sun's entrance 
into a sign (sankrdnti). 

The adjective saura, which we translate " solar," is a secondary de- 
rivative from s&rya, " sun." It is applied to those divisions of time 
which are dependent on and determined by the sun's actual motion 
along the ecliptic. The "day and night" measured by it are probably 
those of the gods and demons respectively ; see above, xii. 48-50. The 
solar year, as already noticed (note to i. 12-13), is sidereal, not tropical ; 
it commences whenever the sun enters the first sign of the immovable 
sidereal zodiac, or when he is 10 minutes east in longitude from the 
star £ Piscium. The solar month is the time during which he continue* 
in each successive sign, or arc of 30°, reckoning from that point. The 
length of the solar year and month is subject only to an infinitesimal 
variation, due to the slow motion, of l'in 517 years, assumed for the 
sun's line of apsides (see above, i. 41-44) ; but it is, as has been shown 
above (note to i. 29-34, near the end), somewhat differently estimated 
by different authorities. The precise length of the solar months, as 
reckoned according to the Surya-Siddhanta, is thus stated by Warren 
(Kala Sankalita, p. 69) : 
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Duration of 


the several Solar Month 


s. 




No. 


Name. 


Duration. 


Sum of duration. 






.1 


n 


V 


... ,.,, 
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n 


V 





I 


Vaicakha, 


3o 


55 


32 


a 39 


3o 


55 


32 


2 39 


2 


Jyaishtha, 


3i 


24 


12 


a 41 


6a 


19 


44 


5 20 
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Ashadha, 


3i 


36 


38 


2 44 
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56 


22 
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£ravana, 
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28 


12 


2 4a 


125 


24 


34 


10 46 
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Bhadrapada, 


3i 


2 


10 


2 4o 


1 56 


26 


44 
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6 
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27 


22 


2 38 


186 


54 
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Karttika, 


29 


54 
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2 35 


216 


48 
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Margacirsha, 


29 
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24 


2 33 


246 


18 


37 


ai la 


9 


Pausha, 


29 


20 


53 


2 3i 


275 


3 9 
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Magha, 


29 


27 


16 


2 3a 


3o5 


6 


46 


a6 l5 
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Phalguna, 


29 


48 


24 


2 33 


334 


55 


10 


a8 48 


12 


Caitra, 


3o 


20 


21 


2 36 


365 


i5 


3i 


3i 24 



The former passage (i. 12-13) took no note of any solar day ; in this 
chapter, however, such a division of time is distinctly contemplated : it 
is also recognized by the Siddhanta-Qiromani (Ganitadhy., ii. 8), and 
seems to be, for certain uses, generally accepted. The solar day is the 
time during which the sun traverses each successive degree of the eclip- 
tic, with his true motion, and its length accordingly varies with the rap- 
idity of his motion : three hundred and sixty such days compose the 
sidereal year. In order to determine the solar day corresponding to any 
given moment, it is, of course, only necessary to calculate, by the meth- 
ods of the second chapter, the sun's true longitude for that moment. 
Hence it is a matter of very little practical account : all the periods re- 
garded as determined by it may be as well derived directly from the 
sun's longitude, without going through the form of calling its degrees 
days. It is thus with the equinoxes, solstices, and entrances of the sun 
into a sign (sankr&nti, " entrance upon connection with") : for the latter, 
and for the continuance of the propitious influences which are believed 
to attend upon it, see below, verse 11. The shadafitimukhas form the 
subject of the next following passage. 

The manuscript without commentary inserts here the following verse : 
" the day and night of the gods and demons, which is determined by 
the sun's revolution through the circle of asterisms (bhacakra), and the 
number of the Golden (krta) and other Ages, as already stated, is to 
be known." 

4. Beginning with. Libra, the shadacitimulcha is at the end of 
the periods of eighty-six (shadagiti) days, in succession : there are 
four of them, occurring in the signs of double character (dvisva- 
bhdva) ; 

5. Namely, at the twenty-sixth degree of Sagittarius, at the 
twenty-second of Pisces, at the eighteenth degree of Gemini, and 
at the fourteenth of Virgo. 

6^ From the latter point, the sixteen days of Virgo which re- 
main are suitable for sacrifices : anything given to the Fathers 
(pitaras) in them is inexhaustible. 
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We have not been able to find anywhere any explanation of this cu- 
rious division of the sun's path into arcs of 86°, commencing from the 
autumnal equinox, and leaving an odd remnant of 1 6° at the end of 
Virgo. The commentary offers nothing whatever in elucidation of their 
character and significance. The epithet " of double character" (dvisva- 
bh&va) belongs to the four signs mentioned in verse 5 ; judging from the 
connection, in which it is applied to them by Varaha-Mihira (Laghu- 
jataka, i. 8, in Weber's Indische Studien, ii. 278), it designates them as 
either variable (cara) or fixed (sthira), in some astrological sense. The 
term shadafitimukJia is composed of shadapili, " eighty-six," and mukha, 
" mouth, face, beginning." We do not understand the meaning of the 
compound well enough to venture to translate it. 

7. la the midst of the zodiac (bhacakrd) are the two equinoxes 
(vishuvat), situated upon the same diameter (samasutraga), and 
likewise the two solstices {ayana) ; these four are well known. 

8. Between these are, in each case, two entrances (sankrdnti) ; 
from the immediateness of the entrance are to be known the two 
feet of Vishnu. 

9. Prom the sun's entrance (sankrdnti) into Capricorn, six 
months are his northern progress (uttardyana) ; so likewise, from 
the beginning of Cancer, six months are his southern progress 
(dakshindyand). 

10. Thence also are reckoned the seasons (rtu), the cool season 
(qigira) and the rest, each prevailing through two signs. These 
twelve, commencing with Aries, are the months ; of them is 
made up the year. 

The commentator explains samasutraga, like samasutrastka above 
(xii. 52), to mean situated at opposite extremities of the same diameter 
of the earth, or antipodal to one another. 

The technical term for the sun's entrance into a sign of the zodiac is, 
as noticed already, sankrdnti (the commentary also presents the equiva- 
lent word sankramana) ; of these there take place two between each 
equinox and the preceding or following solstice. The latter half of 
verse 8 is quite obscure. The commentator appears to understand it as 
signifying that, in each quadrant, the entrance (sankrdnti) immediately 
following the solstice or equinox is styled " Vishnu's feet." In the ear- 
liest Hindu mythology, Vishnu is the sun, especially considered as occu- 
pying successively the three stations of the orient horizon, the meridian, 
and the Occident horizon ; and the three steps by which he strides 
through the sky are his only distinctive characteristic. These three 
steps, then, appear under various forms in the later Vaishnava mythol- 
ogy, and there is plainly some reference to them in this designation of 
the sun's entrances into the signs. It would seem easiest and most nat- 
ural to recognize in the three signs intervening between each equinox 
and solstice Vishnu's three steps, and to regard the two intermediate 
entrances as the marks of his feet ; this may possibly be the figure in- 
tended to be conveyed by the language of the text. 

The word rtu means originally and literally any determined period of 
time, a " season" in the most general sense of the term ; but it has also 
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been employed from very early times to designate the various divisions 
of the year. They were anciently reckoned as three, five, six, or seven ; 
but the prevailing division, and the only one in use in later times, is that 
into six seasons, named Qieira, Vasanta, Grishma, Varsha, Carad, and 
Hemanta, which may be represented by cool season, spring, summer, 
rainy season, autumn, and winter. Qi?ira begins with the month Magha, 
or about the middle of January (see note to i. 48-51, and the table 
given below, under vv. 15-16), and each season in succession includes 
two solar months. 

11. Multiply the number of minutes in the sun's measure 
(mdna) by sixty, and divide by his daily motion : a time equal 
to half the result, in nadis, is propitious before the sun's entrance 
into a sign (sankrdnti), and likewise after it. 

The propitious influences referred to above, in verse 3, as attending 
upon the sun's entrance into a sign, are regarded as enduring so long as 
any part of his disk is upon the point of separation between the two 
signs. This time is found by the following proportion : as the sun's ac- 
tual daily motion, in minutes, is to a day, or sixty nadis, so is the meas- 
ure of his disk, in minutes, to the time which it will occupy in passing 
the point referred to. 

12. As the moon, setting out from the sun, moves from day to 
day eastward, that is the lunar method of reckoning time {mdna) : 
a lunar day {tithi) is to be regarded as corresponding to twelve 
degrees of motion. 

13. The lunar day {tithi), the karana, the general ceremonies, 
marriage, shaving, and the performance of vows, fastings, and 
pilgrimages, are determined by lunar time. 

14. Of thirty lunar days is composed the lunar month, which 
is declared to be a day and a night of the Fathers : the end of 
the month and of the half-month {paksha) are at their mid-day 
and midnight respectively. 

For the tithi, or lunar day, see above, ii. 66 : for the karana, see 
ii. 67-69. For the month considered as the day of the pitarat, or manes 
of the departed, see note to xii. 73-77. Manu (i. 66) pronounces the 
day of the Fathers to be the dark half-month, or the fortnight from full 
moon to new moon, and their night to be the light half-month, or the ' 
fortnight from new moon to full moon. With this mode of division 
might be made to accord that stated in the latter part of verse 14, by 
rendering madhye " between," instead of " at the middle point of" : we 
have translated according to the directions of the commentator. 

15. The constant revolution of the circle of asterisms (bhaca- 
kra) is called a sidereal day. The months are to be known by 
the names of the asterisms (nakshatra), according to the conjunc- 
tion {yoga) at the end of a lunar period (parvari). 

16. To the months K&rttika etc. belong, as concerns the con- 
junction (samayoga), the asterisms KrttikS etc., two by two: but 
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three months, namely the last, the next to the last, and the fifth, 
have triple asterisms. 

The subject of sidereal time, although one of prominent importance 
in the present treatise, since the subdivision of the day is regulated 
entirely by it, is here very summarily dismissed with half a verse, while 
we find appended to it in the same passage matters with which it has 
nothing properly to do. 

We have already (note to i. 48-51) had occasion to notice that the 
months are regarded as having received their names from the asterisms 
(nakskatra) in which the moon became full during their continuance. 
According to Sir William Jones (As. Res., ii. 296), it is asserted by the 
Hindus " that, when their lunar year was arranged by former astrono- 
mers, the moon was at the full in each month on the very day when it 
entered the nakskatra, from which that month is denominated." Wheth- 
er this assertion is strictly true admits of much doubt. Our text does 
not imply any such claim : it only declares that the month is to be 
called by the name of that asterism with which the moon is in conjunc- 
tion (yoga) at the end of the parvan : this latter word might mean either 
half of a lunar month, but is evidently to be understood here, as ex- 
plained by the commentary, of the light half (fukla paksha) alone, so 
that the end of the parvan (parvanta) is equivalent to the end of 
the day of full moon (purnimanta), or to the moment of opposition in 
longitude. Now it is evident that, owing to the incommensurability of 
the times of revolution of the sun and moon, as also to the revolution 
of the moon's line of apsides, full moon is liable to occur in succession 
in all the asterisms, and at all points of the zodiac ; so that although, 
at the time when the system of names for the months originated and 
established itself, they were doubtless strictly applicable, they would not 
long continue to be so. Instead, however, of being compelled to alter 
continually the nomenclature of the year, we are allowed, by verse 16, 
to call a month Karttika in which the full of the moon takes place either 
in Krttika or in Rohinl, and so on ; the twenty-seven asterisms being 
distributed among the twelve months as evenly as the nature of the case 
admits. 

At what period these names were first introduced into use is unknown. 
It must have been, of course, posterior to the establishment of the sys- 
tem of asterisms, but it was probably not much later, as the names are 
found in some of the earlier texts which contain those of the nakshatras 
themselves. We can hardly suppose that they were not originally ap- 
plied independently to the lunar months ; and certainly, no more suita- 
ble derivation could be found for the name of a lunar period than from 
the asterism in which the moon attained during its continuance her full 
beauty and perfection. In later times, as we have already seen (note to 
i. 48-51), the true lunar months are entirely dependent for their nomen- 
clature upon the solar months, according to the determination of the 
latter, as regards their commencement and duration, by the data and 
methods of the modern astronomical science. There has been handed 
down another system of names for the months (see Colebrooke in As. 
Res., vii. 284 ; Essays, i. 201), which have nothing to do with the aster- 
isms : whether they are to be regarded as more ancient than the others 
vol,, vi. 53 
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we do not know. They are — commencing with the first month of the 
season Vasanta, or with that one which in the other system is called 
Caitra — as follows : Madhu, Madhava, Cukra, g U ci, Nabhas, Uabhasya, 
Isha, Urja, Sahas, Sahasya, Tapas, Tapasya. 

For the sake of a clearer understanding of the relations of the aster- 
isms, months, and seasons, we present their correspondences below in a 
tabular form : 



Season, 
Carad, 

Hemanta. 

Cicira. 

Vasanta. 
Grishma. 

Varsha. 
Carad. 



Month. 

"i Karttika. 
I (Oct. -Nov.) 

{MSrgacirsha. 
(Nov.-Dec,) 
Pausha. 
(Dec-Jan,) 

Magha. 
(Jan.-Feb.) 

Phaiguna. 
(Feb.- Mar,) 

{Caitra. 
(Mar.-Apr.) 
Vaij&kha, 
(Apr.- May.) 

f Jyaishtha, 
J (May-June.) 

I Ashadha. 
I, (June- July.) 



' Cravana. 
(July-Aug.) 



Bhadrapada, 
(Aug.-Sept.)J 



f Acvina. 
J (Sepfc-Oct.) 



Asterisms in which 
full moon may occur. 

( Krttika. 
( Rohini 

( Mrgacfrsha, 
"j Ardra. 

( Punarvasu. 
( Pnshya. 

( Aclesha. 
\ Magha. 

f P.-Phalguni. 
■] XT.-Phalgunl. 
{ Hasta. 

( Citrit. 
( StM. 

( VicSkM. 
{ Anuradhl 

ijyeshtha. 
Mula.' 

j P. -Ashadha. 
| XJ.-Ashadhfi. 

( (^ravana. 
( yravishtha. 

( Catabhishaj. 
•J P. -Bhadrapada. 
( U.-Bhadrapada. 

( Revati. 
■j Acvint 
( Bharani. 



Davis (As. Res., iii. 218) notices that some of the ancient astrono- 
mers have divided the asterisms somewhat differently, giving to Cra-vana 
the three beginning with Qravana,J;o Bhadrapada the three beginning 
with Purva-Bhadrapada, and to Acvina only A§vinl and Bharani. It 
seems, indeed, that the selection of the three months to which three 
asterisms, instead of two, were assigned, must have been made somewhat 
arbitrarily. 

It will be noticed that in this passage Karttika is treated as the first 
of the series of months, while above (v. 10) jQi§ira was mentioned as the 
first season, and while in practice (see note to i, 48-51) Vaicakha is 
treated as the first of the solar months, and Caitra of the lunar. Another 
name for Margagjrsha, also, is Agrahayana, which appears to mean 
" commencement of the year." How much significance these varia- 
tions of usage may have, and what is their reason, is not known to us. 
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As regards Vaicakha and Caitra, indeed, the case is clear, and we may 
also regard the rank assigned to Karttika as due to the ancient position 
of Krttika, as first among the lunar mansions. 

17. In Vaicakha etc., a conjunction {yoga) in the dark half- 
month (krshna), on the fifteenth lunar day (tithi), determines in 
like manner the years Karttika etc. of Jupiter, from his heliacal 
setting (asta) and rising (udaya). 

We have already, in an early part of the treatise (i. 55), made acquaint- 
ance with a cycle of the planet Jupiter, composed of sixty years ; in 
this verse we have introduced to our notice a second one, containing 
twelve years, or corresponding to a single sidereal revolution of the 
planet. The principle upon which its nomenclature is based is very evi- 
dent. Jupiter's revolution is treated as if, like that of the sun, it deter- 
mined a year, and the twelve parts, each quite nearly equalling a solar 
year (see note to i. 55), into which it is divided, are, by the same anal- 
ogy, accounted as months, and accordingly receive the names of the 
solar months. The appellations thus applied to the years, in their order, 
we are directed to determine by the asterism (nakshatra) in which the 
planet is found to be at the time of its disappearance in the sun's rays, 
and its disengagement from them : for it would, of course, set and rise 
heliacally twelve times in each revolution, and each time about a month 
later than before. The name of the year, however, will not agree with 
that of the month in which the rising and setting occur, but will be the 
opposite of it, or six months farther forward or backward, since the 
month is named from the asterism with which the sun i6 in opposition, 
but the year of the cycle from that with which he is in conjunction. 
The terms in which the rule of the text is stated are not altogether un- 
ambiguous : there is no expressed grammatical connection between the 
two halves of the verse, and we are compelled to add in our translation 
the important word " determines," which links them together. The 
meaning, however, we take to be as follows : if, in any given year, the 
heliacal setting of Jupiter takes place in the month Vai§akha, then the 
asterism with which the moon is found to be in conjunction at the end 
of that month — which will be, of course, the asterism in which the sun 
is at the same time situated — will determine the name of the year, which 
will be Karttika : and soon, from year to year. The expression "in 
like manner," in the second half of the verse, is interpreted as implying 
that to the years of this cycle is made the same distribution of the as- 
terisms as to the months in the preceding passage : the second and third 
columns of the last table, then, will apply to the cycle, if we alter their 
headings respectively, from " month" to " year of the cycle," and from 
" asterisms in which full moon may occur" to " asterisms in which Ju- 
piter's heliacal setting and rising may occur." 

There is one untoward circumstance connected with this arrangement 
which is not taken into account by the text, and which appears to op- 
pose a practical difficulty to the application of its rule. The amount of 
Jupiter's motion during a solar year is not precisely one sign, but per- 
ceptibly more than that, so that the mean interval between two succes- 
sive heliacal settings is a little more than a solar month ; and this dif- 
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ference accumulates so rapidly that the thirteenth setting would take 
place about four degrees farther eastward than the first, so that, without 
some system of periodical omissions of a month, the correspondence 
between the names of the years, if applied in regular succession, and 
the asterisms in which the planet disappeared would, after a few revolu- 
tions, be altogether dislocated and broken up. If the cycle were of 
more practical consequence, or if it were contemplated as one of the 
proper subjects of this treatise, we might expect to find some method 
of obviating this difficulty prescribed. Warren, however, in his brief 
account of the cycle of twelve years (Kala Sankalita, p. 212 etc.), states 
that he knows of no nation or tribe making any use of it, but only finds 
it mentioned in the books. According to both him and Davis (As. Res., 
iii. 217 etc.), the cycle of twelve years is subordinate to that of sixty, 
the latter being divided into five such cycles, to which special names are 
applied, and of each of which the successive years receive in order the 
titles of the solar months. The appellations of the cycles themselves 
are those which properly belong to the years of the lustrum (yuga), or 
cycle of five years, by which, as already noticed (note to i. 56-58), the 
Hindus appear first to have regulated time, and effected by intercala- 
tion the coincidence of the solar and lunar years : they are Samvatsara, 
Parivatsara, Idavatsara, Idvatsara, (or Anuvatsara), and Vatsara (or 
Idvatsara, or Udravatsara). It would appear, then, either that the cycle 
of sixty years was derived from and founded upon the ancient lustrum, 
being an imitation of its construction in time of the planet Jupiter, 
of which a month equals a solar year, or else that the already existing 
cycle had been later fancifully compared with the lustrum, and subdivi- 
ded after its model into sub-cycles for years, and years for months : of 
these two suppositions we are inclined to regard the latter as decidedly 
the more probable. 

18. From rising to rising of the sun, that is called civil (sdvana) 
reckoning. By that are determined the civil days (sdvana), and 
by these is the regulation of the time of sacrifice ; 

19. Likewise the removal of uncleanness from child-bearing 
etc., and the regents of days, months, and years : the mean mo- 
tion of the planets, too, is computed by civil time. 

The term savana we have translated " civil," as being a convenient 
way of distinguishing this from the other kinds of time, and as being 
very properly applicable to the day as reckoned in practical use from 
sunrise to sunrise : in -the more general sense, as denoting the mode of 
reckoning the mean motions of the planets, and the regency of succes- 
sive periods, sdvana corresponds to what we call " mean solar" time. 
The word itself seems to be a derivative from savana, " libation," the 
three daily savanas, or the sunrise, noon, and sunset libations, being 
determined by this reckoning. 

20. The mutually opposed day and night of the gods (sura) 
and demons (asura), which has been already explained, is time 
of the gods, being measured by the completion of the sun's 
revolution. 
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21. The space of a Patriarchate (manvantara) is styled time 
of Prajapati : in it is no distinction of day from night. An iEon 
(Jcalpa) is called time of Brahma. 

It may well be said that the mode of reckoning by time of the gods 
has been already explained : the length of a day of the gods, with the 
method of its determination, has been stated and dwelt upon, in almost 
identical language, over and over again (see i. 13-14 ; xii. 45-50, 67, 
74 ; and the interpolated verse after xiv. 3), almost as if it were so new 
and striking an idea as to demand and bear repeated inculcation. For 
the Patriarchate (manvantara), or period of 308,448,000 years, see 
above, i. 1 8 : this is the only allusion to it as a unit of time which the 
treatise contains. For the JEon (Jcalpa), of 4,320,000,000 years, as 
constituting a day of Brahma, see above, i. 20. 

The remaining verses are simply the conclusion of the treatise. 

22. Thus hath been told thee that supreme mystery, lofty and 
wonderful, that sacred knowledge (brahman), most exalted, pure, 
all guilt destroying ; 

23. And the highest knowledge of the heaven, the stars, and 
the planets hath been exhibited : he who knoweth it thoroughly 
obtaineth in the worlds of the sun etc. an everlasting place. 

24. With these words, taking leave of Maya, and being suit- 
ably worshipped by him, the part of the sun ascended to heaven, 
and entered his own disk. 

25. So then Maya, having personally learned from the sun 
that divine knowledge, regarded himself as having attained his 
desire, and as purified from sin. 

26. Then, too, the sages (rshi), learning that Maya had received 
from the sun this gift, drew near and surrounded him, and rev- 
erently asked the knowledge. 

27. And he graciously bestowed upon them the grand system 
of the planets, of mysteries in the world the most wonderful, 
and equal to the Scripture (brahman). 

The Surya-Siddhanta, in the form in which it is here presented, as ac- 
cepted by Ranganatha and fixed by his commentary, contains exactly 
five hundred verses. This number, of course, cannot plausibly be looked 
upon as altogether accidental : no one will question that the treatise has 
been intentionally wrought into its present compass. We have often 
found occasion above to point out indications, more or less distinct and 
unequivocal, of alterations and interpolations ; and although in some 
cases our suspicions may not prove well-founded, there can be no reason- 
able doubt that the text of the treatise has undergone since its origin 
not unimportant extension and modification. Any farther consideration 
of this point we reserve for the general historical summary to be pre- 
sented at the end of the Appendix. 
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APPENDIX: 

CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF 
ECLIPSES, A STELLAR MAP, Etc. 



1. p. 142. The name siddk&nta, by which the astronomical text- 
books are generally called, has, by derivation and original meaning, 
nothing to do with astronomy, but signifies simply " established conclu- 
sion ;" and it is variously applied to other uses in the Sanskrit literature. 

It may not be uninteresting to present here a summary view of the 
existing astronomical literature of the Hindus, as derived from such 
sources of information upon the subject as are accessible to us, even 
though such a view must necessarily be imperfect and incomplete. We 
commence by giving a list of works furnished to the translator, at his 
request, by the native Professor of Mathematics in the Sanskrit College 
at Puna, and which may be taken as representing the knowledge pos- 
sessed, and the opinions held, by the learned of Western India at the 
present time. Along with it is offered the list of nine treatises given in 
the modern Sanskrit Encyclopedia, the Qabdakalpadruma, ^ entitled to 
the name of Siddhanta. The longer list was intended to be arranged 
chronologically ; the remarks appended to the names of treatises are 
those of its compiler, 

i. Brahma-Siddhanta. i. Brahma-Siddhanta. 

2. Sfirya-Siddbanta. a. Surya-Siddhanta. 

3. Soma-Siddhanta. 3. Soma-Siddhanta. 

4. Vasishtha-Siddhanta. 4- Brhaspati-Siddhanta. 

5. Romaka-Siddhanta. 5. Garga-Siddhanta. 

6. Paulastya-Siddhanta. 6. Narada-Siddbanta. 

7. Brhaspati-Siddhanta. 7. Paracara-Siddhanta. 

8. Garga-Siddhanta. 8. Paulastya-Siddhanta. 

9. Vyasa-Siddhanta. 9. Vasishtha-Siddhanta. 

10. Paracara-Siddhanta. 

11. Bhoja-Siddhanta; earlier than the Cironiani. 

12. Varaha-Siddhanta ; earlier than the Ciromani. 

1 3. Brahmagupta-Siddhanta ; earlier than the Ciromani. 

14. Siddhanta-Ciromani ; fake 1072 [A.D. 1150]. 

1 5. Sundara-Siddhanta ; about 400 years ago. [years ago. 

16. Tattva-Viveka-Siddhanta ; in the time of the reign of Jaya Sinha, about 250 

17. Sarvabhauma-Siddhanta ; in the time of the reign of Jaya Sinha. 

18. Laghu-Arya-Siddhanta ) ,. ., ,, „. 

_, . » J „.,,,., !• earlier than the Ciromam. 

19. Brhad-Arya-Siddhanta J y 

It is obvious that these lists are uncritically constructed, and that 
neither of them is of a nature to yield valuable information without ad- 
ditional explanations. The one is most unreasonably curt, and seems 
founded on the principle of allowing the title of SiddMnta to no work 
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which is the acknowledged composition of a merely human author, 
while the other contains treatises of very heterogeneous character and 
value : and neither list distinguishes works now actually in existence from 
those which have become lost, and those of which the existence at any 
period is questionable. A more satisfactory account of the Siddhanta 
literature may be drawn up from the notices contained in the writings of 
Western scholars, and especially from the various essays of Colebrooke. 
For what we shall here offer, he is our main authority. 

In the present imperfect state of our knowledge of the subject, there 
is perhaps no better method of classifying the Hindu astronomical trea- 
tises than by dividing them into four classes, as follows : first, those 
which profess to be a revelation on the part of some superhuman being ; 
second, those which are attributed to ancient and renowned sages, or to 
other supposititious or impersonal authors ; third, those regarded as the 
works of actual authors, astronomers of an early and uncertain period ; 
fourth, later texts, of known date and authorship, and mostly of a less 
independent and original character. 

I. The first class comprises the Brahma, Surya, Soma, Brhaspati, and 
Narada Siddhantas. 

1. Brahma- Siddhdnta. The earliest treatise bearing this name is 
said to have formed a part of the Vishnudharmottara Purana, a work 
which seems to be long since lost, and scarcely remembered except in 
connection with the Siddhanta. The latter, too, is only known by a few- 
citations in astronomical writings, and by the treatise of Brahmagupta 
(see below, third class) founded upon it. Another work laying claim to 
the same title is that which we have many times cited above as the 
Cakalya-Sanhita. Sanhita, " text, comprehensive work," is a term em- 
ployed to denote a complete course of astronomy, astrology, horoscopy, 
etc. : this treatise, according to the manuscript in our possession, forms 
the second division (prapia) of such a course. It professes to be re- 
vealed by Brahma to the semi-divine personage Narada. Of its relation 
to the Surya-Siddhanta we have spoken above (note to viii. 10-12). It 
does not appear to be referred to as an independent work in either of 
the native lists we have given. 

2. S&rya- Siddhdnta. This is the treatise of which the translation 
has been given above, and of which, accordingly, we do not need to 
speak here more particularly. 

3. Soma- Siddhdnta. Judging from its title, this work must profess 
to derive its origin from the moon (soma), as the preceding from the 
sun (silrya). Bentley speaks of it as following in the main the system 
of the Surya-Siddhanta. There is a manuscript of it in the Berlin 
Library (Weber's Catalogue, No. 840), and Colebrooke seems also to 
have had it in his hands. 

4. Bfhaspati- Siddhdnta. Brhaspati is the name of a divine person- 
age, priest and teacher of the gods, as also of the planet Jupiter. No 
work bearing this name is mentioned, so far as we can ascertain, by any 
European scholar, although Brhaspati is not infrequently referred to in 
native writings as an authority in astronomical matters. 

5. iV drada- Siddhdnta. A Naradi-Sanhita, or course of astrology, in 
the Berlin Library (Weber, No. 862), and an occasional reference to 
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Narada, among other divine or mythical personages, as an astronomical 
authority, are all the indications we find justifying the introduction of 
this name into the list of the Gabdakalpadrurua. 

II. In the second class we include the Garga, Vyasa, Paracara, Pau- 
lina, Paulastya, and Vasishtha Siddhantas. Garga, Para<jara, Vyasa, 
Pulastya, and Vasishtha are prominent among the sages of the ancient 
period of Hindu history : the two latter are of the number of those who 
give name to the stars in Ursa Major (they are |9 and t, respectively). 
They cannot possibly have been the veritable authors of Siddhantas, or 
worts presenting the modern astronomical system of the Hindus : but — 
and this seems to be especially the case with regard to Garga and Para- 
cara — one and another of them may have distinguished themselves in 
connection with the older science, and so have furnished some ground 
for the part attributed to them by the later tradition, and for the father- 
ing of astronomical works upon them. 

1. Garga- Siddhanta. Astronomieal treatises and commentaries upon 
them occasionally offer citations from Garga (see, for instance, Cole- 
brooke's Essays, ii. 356 ; Sir William Jones in As. Res., ii. 397), but of 
a Siddhanta, or text-book of astronomy, bearing his name, we find 
nowhere any mention excepting in these lists. 

2. Vyasa- Siddhanta. This name, too, is known to us only from the 
list above given. 

3. Parapara-Siddhanta. According to Bentley, the second chapter 
of the Arya-Siddhanta contains an extract from this work, in which are 
stated the elements of the mean motions of the planets adopted by it. 
The work itself appears to be lost ; unless, indeed, it may have been 
contained in a manuscript of the Mackenzie Collection, which in "Wil- 
son's Catalogue (i. 120) is called Vriddha-Parasara, and said to be "a 
system of astrology, attributed to Parasara, the father of Vyasa." 

4. Paulig a- Siddhanta. The planetary elements of this treatise also 
are preserved in later commentaries, and are stated by Bentley and 
Colebrooke. We have noticed above (note to i. 4-6) that al-Biruni at- 
tributes it to Paulus the Greek ; whence Weber (Ind. Lit, p. 226) con- 
jectures that it was founded upon the Elou-fioy^ of Paulus Alexandrinus. 
If this account of its origin be correct, the Pulica to whom the later 
Hindus attribute it is a fictitious personage, whose name is manufactured 
out of Paulina. The work, it will be seen, is not mentioned in either of 
the lists we have given, its place appearing to be taken by the Pulastya- 
Siddhanta. According to the Hindu tradition, the school represented 
by the Pauliga-Siddhanta was the rival of that of Aryabhatta. 

5. Pulastya- Siddhanta. Of this Siddhanta we find mention only in 
such native lists as omit the preceding. Hence we are led to conjecture 
that the two names may indicate the same work ; an attempt, founded 
upon the similarity of the names, having been made by some to attribute 
the Paulica-Siddhanta to a known and acknowledged Hindu sage. 

6. Vasishtha- Siddhanta. This work is spoken of as actually in ex- 
istence by both Colebrooke and Bentley, and the latter states its sys- 
tem to correspond with that of the Surya-Siddhanta. More than one 
treatise bearing the name is referred to, the older one being of unknown 
authorship, and the other a later compilation founded upon this, by 



note.] Surya-Siddh&nta. 421 

Vishnu-candra, who is said also to have derived his material in part from 
Aryabhatta. A copy of a Vrddha- Vasishtha-Siddhanta formed a part of 
the Mackenzie Collection (Wilson's Catalogue, i. 121). 

IIX To the third class may be assigned the Siddhintas of Aryabhat- 
ta, Varaha-mihira, and Brahmagupta, and the Bomaka-Siddhanta, as 
well as the later version of the Vasishtha-Siddhanta, last spoken of. 
The first three names are those of greatest prominence and highest im- 
portance in the history of Hindu astronomical science, and there is 
every reason to believe that the sages who bore them lived about the 
time when the modern system may be supposed to have received its 
final and fully developed form, or during the fifth and sixth centuries of 
our era. 

1. Arya-Siddhanta. The two principal works of Aryabhatta appear 
to have been originally entitled the Aryashtacata, " work of eight hun- 
dred verses," and Dacagitika, " work of ten cantos." Colebrooke knew 
neither of them excepting by citations in other astronomical text-books 
and commentaries. Bentley had in his hands two treatises which he 
calls the Arya-Siddhanta and the Laghu- Arya-Siddhanta, which are pos- 
sibly identical with those above named.* The Berlin Library also con- 
tains (Weber, No. 834) a work which professes to be a commentary on 
the Dacagitika. 

2. Vardka- Siddhanta. The only distinctively astronomical work of 
Varaha-mihira appears to have been his Panca-siddhantika, or Compen- 
dium of Five Astronomies, of which we have already spoken (note to 
i. 2-3), and which was founded upon the Brahma, Surya, Paulica, Va- 
sishtha, and Bomaka Siddhantas. It is supposed to be no longer in 
existence, although the astrological works of the same author have been 
carefully preserved, and are without difficulty accessible. 

3. Brahma- Siddhanta. The proper title of the work composed by 
Brahmagupta, upon the foundation of an earlier treatise bearing this 
name, is Brahma-sphuta-Siddhanta, " corrected Brahma-Siddhanta," but 
the word sphuta, " corrected," is frequently omitted in citing it, as has 
been our own usage in the notes to the Surya-Siddhanta. Colebrooke 
possessed an imperfect copy of it, and it was also in Bentley's posses- 
sion. Upon it was professedly founded, in the main, the Siddhanta-Ci- 
romani of Bhaskara. 

4. Romaka- Siddhanta. Of the name of this treatise, the only one 
we have thus far met with which is not derived from a real or supposed 
author, we have spoken in the note to i. 4-6. It is said by Colebrooke 
to be by Crishena, and to have been founded in part upon the original 
Vasishtha-Siddhanta ; its early date is proved by its being one of those 
treated as authorities by Varaha-mihira. No copy of it seems to have 
have been discovered in later times. 

Our list also mentions a Bhoja-Siddhanta, probably referring to some 
astronomical work published during the reign, and under the patronage, 
of Raja Bhoja Deva, of Dhara, in the tenth or eleventh century of 
our era. 

* See an article by Fitz-Edward Hall, Esq., Oa the Arya-Siddhanta, in a later 
part of this volume. 

vol. vi. 54 
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IV. Our fourth class is headed by the Siddhanta-Qiromani, written in 
the twelfth century by Bhaskara Aearya, and founded upon the Brahma- 
Siddhanta of Brahmagupta. Our numerous references to it and cita- 
tions from it indicate the prominent and important position which it 
occupies in the modern astronomical literature of India. For a descrip- 
tion of the numerous commentaries upon it, see Colebrooke's Hindu 
Algebra, note A (Essays, ii. 450 etc.). 

The longer of the lists given above mentions two or three other 
works of yet later date. Among them the Siddhanta-Sundara is the 
most ancient, having been composed by Jnana-raja at the beginning of 
the sixteenth century. The Graha-Laghava is a treatise of the same 
class, and is highly considered and much used throughout India, although 
omitted from the Puna list. It is of nearly the same date with the 
work last spoken of, being the composition of Ganeca, and dated fake 
1442 (AD. 1520). The Siddhanta Tattva-Viveka, more usually styled 
the Tattva-Viveka simply, is a century later : it was written by Kama- 
lakara, about A. D. 1620. The Siddhanta-Sarvabhauma dates from very 
nearly the same period, and is the work of Municvara, who is also the 
author of a commentary on the Ciromani, and the son of Ranganatha, 
the commentator on the Surya-Siddhanta. 

This class of astronomical writings might be almost indefinitely ex- 
tended, but the works which have been mentioned appear to be the 
most authoritative and important. 

Of all the treatises whose names we have cited, we know of but three 
which have as yet been published — the Surya-Siddhanta, the Siddhanta- 
Ciromani, and the Graha-Laghava ; the two latter under the auspices of 
the School Book Society of Calcutta. Prof. Hall's edition of the Surya- 
Siddhanta, to which reference is made in our Introductory Note, has 
been completed by the addition of a fourth Fasciculus since our own 
publication was commenced, so that we.have been able to avail ourselves 
of its valuable assistance throughout. 

2. p. 14.2. Ranganatha, in the verses with which he doses his com- 
mentary, states it to have been completed on the same day with the 
birth of his son Municvara, in the fdka year 1525, or A. JD. 1603. For 
his relationship to other well-known authors or commentators of astro- 
nomical treatises, see Colebrooke's Essays, ii. 452 etc. Other commenta- 
tors on the Surya-Siddhanta mentioned by Colebrooke are Nrsinha, who 
wrote but a few years later than Ranganatha, and Bhudhara and Dada. 
Bha'i, whose age is not stated. The Mackenzie collection (see Wilson's 
Catalogue, p. 118 etc ) contained commentaries on the whole or parts of 
the same text by Mallikarjuna, Yeilaya, an Aryabhatta, Mammabhatta, 
and Tammaya. 

3. p.. 143. As no especially suitable opportunity has hitherto offered 
itself for giving in our notes the synonymy of the names of the planets, 
we present here all the appellations by which they are known in the text 
of the Surya-Siddhanta. 

The sun is called by the following names derived from roots signify- 
ing "to shine" : arka, bh&nu, ravi, vivasvant, surya; also savitar, liter- 
ally " enljvener, generator" ; bhaskara, " light-maker" ; dinakara and 
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div&kara, " day-maker" ; and tigmanpu and tikshnanpu, " having hot of 
piercing rays." 

The moon, besides her ordinary names indu, candra, vidhu, is styled 
nip&kara, " night-maker" ; nipapati, " lord of night" ; anushnagu, pita- 
gu, pitanpu, pitadidhiti, himarapmi, him&npu, himadidhiti, "having cool 
rays" ; and papin and papdnka, " marked with a hare" : the Hindu fancy 
sees the figure of this animal in the spots on the moon's disk. The 
name soma nowhere directly occurs, but it is implied in the title sdumya 
given to Mercury. 

Mercury is styled jna and budha, " wise, knowing" ; also papija and 
saumya, " son of the moon." The reason of neither appellation is ob- 
vious. It will be seen below that the moon, the sun, and the earth have 
each of them one of the lesser planets assigned to it as its son : why 
Mercury, Saturn, and Mars were selected, and on what grounds their 
respective parentage was given them, is hitherto entirely unknown. 

Venus has one name, pukra, " brilliant," which is derived from her 
actual character : she is also known as bhrgu, which is the name of one 
of the most noted of the ancient sages, or as bhrguja or bhdrgava, 
" son of Bhrgu." 

Mars has likewise a single appellation, angdraka, " coal," which is 
given him on account of his fiery burning light : all his other titles, 
namely kuja, bhuputra, bhumiputra, bhusuta, bhduma, mark him as " son 
of the earth." 

Jupiter is known as brhaspali, which is, as already more than once 
noticed, the name of a divine personage, priest and teacher among the 
gods ; the word means originally " lord of worship." The planet also 
receives some of his titles, namely guru, "preceptor," and amarejya, 
" teacher of the immortals." The only other name given to it, jiva, 
" living," is of doubtful origin. 

Saturn has two appellations, each represented by several forms ; 
namely "son of the sun," or arkaja, drki, mryatanaya ; and "the slow- 
moving," or manda, pani, pan&ipcara. 

All these names, it will be noticed, are of native Hindu origin, and 
have nothing to do with the appellations given by other nations to the 
planets. In the Hindu astrological writings, however, even those of a 
very early period (see Weber's Ind. Stud., ii. 261), appear, along with 
these, other titles which are evidently derived from those of the 
Greeks. 

4. p. 146. We have everywhere cited Bentley's work on Hindu 
astronomy according to the London edition of it (8vo., 1825), the only 
one to which we have had access. 

In a few instances, where we have not specified the part of Bhaskara's 
Siddhanta-Qiromani to which we refer, the Ganitadhyaya, or properly 
astronomical portion of it, is intended. 

5. p. 161. For the convenience of any who may desire to make a 
more detailed examination of the elements of the mean motions of the 
planets adopted in this treatise, and to work out the results deducible 
from them, we present them in the following table in a more exact form. 
We give the mean time of sidereal revolution, in mean solar days, and 
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the amount of mean motion, in seconds, during a day, and also during 
a Julian year, of 365|- mean solar days. 





Mean Motions 


of the Planets. 




Planet. 


Time of 
sidereal revolution. 


Mean daily motion. 


Mean yearly motion. 


Sun, 


d 
365.25875648 


3,548.16956 


1,295,968.931 


Mercury, 


87.96970228 


14,732.34496 


5,380,988.996 


Venus, 


224.69856755 


5,767.72702 


2,106,662.295 


Mars, 


686.99749394 


1,886.46976 


689,o33.o8l 


Jupiter, 


4,332.32o65235 


299.14683 


109,263.381 


Saturn, 
Moon 


10,765.77307461 


1 20.381 5i 


43,969.346 


sider. rev., 


27.32167416 


47,434.86773 


17,325,585.437 


synod, rev., 


29.53058795 


43,886.69817 


16,029,616.507 


apsis, 


3,232.09367415 


400.97848 


146,457.389 


node, 


6,794.39983121 


190.74532 


69,669.730 



6. p. 161. The system of the Surya-Siddhanta, so far as concerns 
the mean motions of the planets, the date of the last general conjunc- 
tion, and the frequency of its recurrence, is also that of the Qakalya- 
Sanhita. It is likewise presented, according to Bentley (Hind. Astr., p. 
116), by the Soma and Vasishtha Siddhantas. So far as can be gath- 
ered from the elements of the Pauliga and Laghu-Arya Siddhantas, as 
reported by Colebrooke and Bentley, these treatises, too, followed a simi- 
lar system ; the revolutions of the planets in an Age, as stated by them, 
■where they differ from those of the Surya-Siddhanta, always differ by a 
number which is a multiple of four. Some of the astronomical text- 
books, however, have constructed their systems in a somewhat different 
manner. Thus the Siddhanta-Qiromani, following the authority of 
Brahmagupta and of the earlier Brahma-Siddhanta, makes the planets 
commence their motions together at the star £ Piscium at the very com- 
mencement of the ^Eon, and return to a general conjunction at the same 
point only after the lapse of the whole period of 4,320,000,000 years. 
The same is the case with the Arya and Paracara Siddhantas : they too, 
as reported by Bentley (Hind. Astr., pp. 148, 150), state the revolutions 
of the planets for the whole JEon only, and in numbers which have no 
common divisor, so that they assume no briefer cycle of conjunction. 
But they all, at the same time, take special notice of the commence- 
ment of the Iron Age, which they make to begin at the moment of mean 
sunrise at Lanka, and manage to effect very nearly a general conjunc- 
tion at the time of its occurrence, as is shown by the table at the end 
of this note, in which are presented the positions of all the planets, and 
of the moon's apsis and node, as stated by them for that moment. 

We insert these data here, because they seem to us to furnish ground 
for important conclusions respecting the comparative antiquity of the 
two systems. The commencement of the Iron Age, which to the one 
is of cardinal importance' as an astronomical epoch, is to the other 
simply a chronological era, having no astronomical significance. Now 
if, as has been shown in our notes to be altogether probable, that epoch 
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is in fact of astronomical origin, being arrived at by retrospective calcu- 
lation of the planetary motions, we can hardly avoid the conclusion that 
the system which presents it in its true character is the more ancient 
and original. This conclusion is strengthened by the notice taken of 
the epoch by the Siddhanta-Qiromani and its kindred treatises. We do 
not see how their treatment of it is to be explained, excepting upon the 
supposition that a general conjunction at that time was already so firmly 
established as a fundamental dogma of the Hindu astronomy, that they 
were compelled, even while rejecting the theory of brief cycles and re- 
curring conjunctions, to pay it homage by so constructing their elements 
that these should exhibit at least a very near approach to a conjunction 
at the moment. We are clearly of opinion, therefore, that, apart from 
all consideration of the relative age of the separate treatises, the system 
represented by the Surya-Siddhanta is the more ancient. 

Mean Places of the Planets, 6 o'c A.M. at Ujjayini, Feb. \%th, B. C. 3102. 



Planet. 


SiddMnta 


(Jiromani. 


Arya-Siddhanta. 


Parajara-Siddhanta. 


Sun, 


a 
o 











9 












Bo/" 
OOOO 


Mercury, 


ii 


27 


24 


29 


11 


21 


21 


36 


II 21 17 17 


Venus, 


ii 


28 


42 


14 


1 1 


27 


7 


12 


11 26 58 34 


Mars, 


ii 


29 


3 


5o 














11 29 14 38 


Jupiter, 


ii 


29 


27 


36 


11 


27 


7 


12 


11 27 2 53 


Saturn, 


ii 


28 


46 


34 














11 28 57 22 


Moon, 


o 























10 48 


" apsis, 


4 


5 


29 


46 


4 


3 


5o 


24 


4 5 12 29 


" node, 


5 


3 


12 


58 


5 


2 


38 


24 


5 2 49 12 



7. p. 164. We present in the annexed table, in the same form as 
above (note 5), the elements of the mean motions of the planets as cor- 
rected by the Mja. 

Mean Motions of the Planets, as corrected by the blja. 



Planet. 


Time of 
sidereal revolution. 


Mean daily motion. 


Mean yearly motion, i 


Mercury, 


d 

87.96978075 


l4,732.33l82 


5,380,984.196 


Venus, 


224.69895152 


5,767.71717 


2,106,658.695 ; 


Jupiter, 


4,332.4i58i277 


299.14026 


109,260.981 


Saturn, 


10,764.89171783 


I20.39I36 


43,972.946 


Moon's apsis, 


3,232.12015592 


400.975 1 9 


146,456.189 


" node, 


6,794 28280845 


190.74861 


69,670.930 1 



8. p. 166. At the time when we wrote our note, we had not observed 
that Bentley himself explains, in a foot-note to page 117 of his work 
this apparent error. In the case of Mercury, since the number of revo- 
lutions as stated by the text of our treatise did not yield him the result 
which he desired, he has quietly taken the liberty of altering it from 
17,937,060 to 17,937,024, assuming, as his justification, an error of the 
copyists which has not the slightest plausibility, and ignoring the fact 
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that the correctness of the former number is avouched by its occurrence 
in other treatises. It is highly characteristic of Bentley, that he has 
thus arbitrarily amended one of the data upon which he rests the most 
important of his general conclusions, a conclusion which, but for such 
emendation, would be not a little weakened or modified. Any one can 
see for himself, upon referring to our table given on page 188, with how 
much plausibility Bentley is able to deduce, from the dates of its fourth 
column, the year A. D. 1091 as that of the composition of the Surya- 
Siddhanta. We have been solicitous to allow Bentley all the credit we 
possibly could for his labors upon the Hindu astronomy, but we cannot 
avoid expressing here our settled conviction that, as an authority upon 
the subject, he is hardly more to be trusted than Bailly himself, that his 
work must be used with the extremest caution, and that his determina- 
tion of the successive epochs in the history of astronomical science in 
India is from beginning to end utterly worthless. 

9. p. 16V. We have not fulfilled our promise to recur in the eighth 
chapter to the subject of the sun's error of position, because we felt our- 
selves incompetent to cast at present any valuable light upon it. Noth- 
ing but a careful and thorough sifting and comparison of all the earliest 
treatises, together with the traditions preserved by the commentators, 
and the practical methods of construction of the calendar, is likely to 
settle the question as- to the manner in which the elements of the plan- 
etary orbits were originally made up. 

10. p. 168. In making out our comparative table of sidereal revolu- 
tions, we have calculated the column for Ptolemy as we conceive that 
he would himself have calculated it, had he been called upon to do so. 
M. Biot, having in view an object different from ours, has carefully re- 
vised Ptolemy's processes (see his Traite Elementaire d'Astronomie 
Physique, 3 me ed., v. 37-71), and has deduced from the lattcr's original 
data what he regards as the true times of sidereal revolution of the pri- 
mary planets furnished by them ; his periods are accordingly slightly 
different from those presented in our table. 

Colebrooke (As. Ees., xii. 246 ; Essays, ii. 412) has also given a com- 
parative table of the daily motions of the planets, but has committed in 
it the gross error of setting side by side the sidereal rates of motion of 
the Hindu text-books and the tropical rates of Ptolemy and Lalande. 
Of course, his data being incommensurable, the conclusions he draws 
from their comparison are erroneous. 

11. p. 171. We add, in the following table, a comparison of the po- 
sitions of the apsides and nodes of the planets as stated in our treatise — 
being those which are adopted, with unimportant variations, by all the 
schools of Hindu astronomy — with those laid down by Ptolemy in his 
Syntaxis. The latter we give as stated by Ptolemy for his own period, 
without reducing them to their value in distances from the initial point 
of the Hindu sphere. The actual distance of that point, or of the 
vernal equinox of A. D. 560, from the vernal equinox of Ptolemy's time, 
is about 5^°. We should remark also that Ptolemy does not state 
expressly and distinctly the positions of the nodes : we derive them from 
the rules given by him, in the sixth chapter of his thirteenth Book, for 
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calculating the latitude of the planets : not being, however, altogether 
confident of our correct understanding and interpretation of those rules. 

Positions of the Apsides and Nodes of the Planets. 



Planet. 


Surya- 
Siddhanta. 


Ptolemy. 


Difference. 


Apsides : 


° i 




t 




Sun, 


77 i5 


65 


3o 


+ 11 45 


Mercury, 


220 26 


190 





+ 3o 26 


Venus, 


79 49 


55 





+ 24 49 


Mars, 


i3o 1 


n5 


3o 


+ i4 3i 


Jupiter, 


171 16 


161 





+ 10 16 


Saturn, 


236 38 


233 





+ 3 38 


Nodes : 










Mercury, 


20 44 


10 





+ 10 44 


Venus, 


59 45 


55 





+ 4 45 


Mars, 


4o 4 


25 


3o 


+ 14 34 


Jupiter, 


79 4r 


5i 





+ 28 4r 


Saturn, 


IOO 25 


1 83 





-82 35 



It will be perceived that the differences here are not so great as to ex- 
clude the supposition of a connected origin. We do not ourselves be- 
lieve that the Hindus were ever sufficiently skilled in observation, or in 
the discussion of the results of observation, to be able to derive such 
data for themselves, or even intelligently to modify and improve them, 
when obtained from other sources. In order, however, fully to under- 
stand the relation of the Hindu to the Greek science in this part, we re- 
quire to know, first, what were the positions assigned to the apsides and 
nodes by Greek astronomers prior to Ptolemy, and secondly, what were 
their actual positions at the periods in question. Upon the first point 
no information appears to have been handed down to our times ; and as 
regards the other, we have not found any modern determination of the 
desired data, and are not ourselves at present in a situation to undertake 
so intricate and laborious a calculation. 

18. p. 173. The era of the kali yuga, or Iron Age, is not in prac- 
tical use among the Hindus of the present day : two others, of a less 
remote date, are ordinarily employed by them in the giving of dates. 
These are styled the eras of Calivahana and of Vikramaditya respect- 
ively, from two sovereigns so named : their origin and historical signifi- 
cance are matters of much doubt and controversy. The years of the 
era of Calivahana are, according to Warren (Kala Sankalita, p. 381 and 
elsewhere), solar years : their reckoning commences after the lapse of 
3179 complete years of the Iron Age, or early in April, A.D. 78 : the 
1782nd year, accordingly, coinciding with the 4961st of the Iron Age, 
commenced, as is shown by the table on p. 174, April 12th, 1859, and 
ended April 11th, 1860. The years of this era are generally cited as 
{aha or galea years. In the other era, the luni-solar reckoning is followed 
(Warren, as above, p. 391 and elsewhere) ; and its first year began with 
the 3045th of the Iron Age, or early in 58 B, C. : its 1962nd year, coin- 
ciding with the 4961st of the remoter era, commenced (see table on p. 



428 E. Burgess, etc., [i. 48- 

174) April 4th, 1859, and ended March 22nd, 1860. The years of this 
era are called and quoted as samvatsara years, or, by abbreviation, sim- 
ply samvat. 

13. p. 183. M. Vivien de St. Martin (in Julien's Memoires de Hiouen- 
Thsang, ii. 258) supposes the value of the li in use in China during the 
seventh century to have been about 329 metres, or 1080 English feet. 
This would make the values of the three kinds of yojana mentioned by 
the Buddhist traveller to be 8£, 6^, and 3£ English miles respectively. 

14. p. 188. In the first table upon this page, we have, by an over- 
sight, given the earth's heliocentric longitude, instead of the sun's geo- 
centric longitude. To the sun's place as stated, accordingly, should be 
added 180°. 

15. p. 196. M. Biot (Journal des Savants, 1859, p. 409) suggests that 
the Hindus, like Albategnius, obtained their sines directly from the 
chords of Hipparchus or Ptolemy. This may not be an altogether im- 
possible supposition, but it is at least an unnecessary one, for they cer- 
tainly had geometry enough, at the time of the elaboration of their 
astronomical system, to construct their table independently. Our notes 
have presented Delambre's view of the method of its construction and 
the reason of its limitation to arcs which are multiples of 3° 45'. We 
cannot but feel, however, upon maturer consideration, that the correct- 
ness of that view is very questionable ; that the Hindus could probably 
have made out a more complete table if they had chosen to do so ; and 
that a sufficient reason is found for their selection of the arc of 3° 45' 
in the fact that it is a natural subdivision of a recognized unit, the arc of 
30°, while the series of twenty-four sines was sufficiently full and accu- 
rate for their uses. We have been at the pains to calculate the complete 
series of Hindu sines from Ptolemy's table of chords, assuming the value 
of radius to be 3438', in order to test the question whether there were 
any correspondence of errors between them which should prove the one 
to be derived from the other : our results are as follows. In five of the 
instances (the 14th, 15th, 19th, 22nd, and 23rd sines of the table) in 
which the value of the Hindu sine exceeds the truth, Ptolemy supports 
the error; in the other three cases (the 16th, 17th, and 18th sines), 
Ptolemy affords the correct value ; to the 6th sine, also, which by the 
Hindus is made too small, Ptolemy's table gives its true value, but the 
next following sine he makes too great (namely 1520.59, which would 
give 1521, instead of 1520); this is his only independent error. The 
evidence yielded by the comparison may be regarded as not altogether 
unequivocal. 

For the benefit of any who may desire to make practical use of the 
Hindu sines, in calculations conducted according to the processes of the 
Surya-Siddh&nta, we give, upon the opposite page, a more detailed table 
of them than has been presented hitherto, with such sets of differences 
annexed as will enable the calculator readily to find the sine of any 
given arc, or the reverse, without resorting to the laborious proportions 
by which the text contemplates that they should in each case be deter- 
mined. Such a table we have ourselves found highly useful, and even 
almost indispensable, in connection with our own calculations. 
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Table of Hindu Sines, 


w 


'th Differences. 






Arc. 


Sine. 


Diff. 


Arc. 


Sine. 


Diff. 


Arc. 


Sine. 


Diff. 


O 1 

O 


/ 
O 


/ / 


/ 
3o 


/ 
1719 


t 
1 


t 
0.849 


/ 
60 


/ 
2978 


/ 

I 


t 
0.471 


I 


60 




3i 


1769.93 


2 


1.698 


61 


3006.27 


2 


0.942 


2 


120 


1 | 1.000 


32 


1820.87 


3 
4 


2.547 
3.396 


62 


3o34.58 


3 
4 


i.4i3 
1.884 


3 


180 




33 


1871.80 


5 


4.244 


63 


3062.80 


5 


2.356 


3 45 

4 


225 
239.93 




33 45 
34 








63 45 

64 


3o84 
3090.20 






I 


0.996 


1910 
1922.20 


1 


o.8i3 


1 


o.4i3 


5 


299.67 


2 


1.991 


35 


1971 


2 


1.627 


65 


3n5 


2 


0.827 


6 


359.4o 


3 

4 


2.987 
3.982 


36 


2019.80 


3 
4 


2.44o 
3.253 


66 


3139.80 


3 
4 


1.240 
i.653 


7 


4l9-l3 


5 


4978 


37 


2068.60 


5 


4.067 


67 


3i64.6o 


5 


2.067 


7 3o 

8 


449 
478.60 






37 3o 
38 


2093 
2TJ6.20 






67 3o 
68 


3177 
3187.53 




1 


0.987 


1 


0.773 


1 


o.35 1 


9 


537.80 


2 


1.973 


39 


2l62.6o 


2 


i.547 


69 


3io8.6o 


2 


0.702 






3 


2.960 






3 


2.320 






3 


i.o53 


IO 


597 


4 


3.947 


4o 


2209 


4 


3.093 


70 


3229.67 


4 


1.404 


ii 


656. 20 

671 

714.80 


5 


4.933 


4i 
41 i5 

42 


2255.40 

2267 

2299.80 


5 


3.867 


71 
71 i5 

72 


3250.74 

3256 

3269 


5 


i. 7 56 


12 


1 
2 


0.973 
1.947 


1 
2 


0.739 
1.458 


1 
2 


0.289 
0.578 


i3 


773.20 


3 


2.920 


43 


2343.52 


3 


2.187 


73 


3286.33 


3 


0.867 


14 


83r.6o 


4 


3.893 


44 


2387.27 


4 | 2.916 


74 


33o3.67 


4 


i.i56 


i5 


890 
947-33 


5 


4.867 


45 


243 1 

2472.07 


5 ! 3.644 


75 
76 


332i 


5 


1-444 


16 


1 
2 


0.956 
1. 91 1 


46 


1 

2 


0.684 
1.369 


3334.6o 


1 
2 


0.227 
o.453 
0.680 


17 


1004.67 


3 


2.867 


47 


25i3.i4 


3 


2.o53 


77 


3348.20 


3 


18 


1062 


4 


3.822 


48 


2554.21 


4 


2. 7 38 


78 


336i.8o 


4 


0.907 


18 45 
'9 


1 io5 


5 


4.778 


48 45 
49 


2585 
259453 


5 


3.422 


78 45 

79 


33 7 2 
33 7 4.47 


5 


i.i33 


1119 


1 


0.933 


1 


0.636 


1 


0.164 


20 


1 175 


2 


1.867 


5o 


2632.67 


2 


1. 271 


80 


3384.33 


2 


0.329 


21 


I23l 


3 
4 


2.800 
3.733 


5i 


2670.80 


3 

4 


1.907 
2.542 


81 


3394.20 


3 
4 


0.493 
o.658 


22 


1287 


5 


4.667 


52 


2708.93 


5 


3.178 


82 


3404.07 


5 


0.822 


22 3o 


i3i5 






52 3o 


3728 
2745.47 






82 3o 


3409 
3411.93 






23 


1342.33 


1 


0.91 1 


53 


1 


o.582 


83 


1 


0.098 


24 


1 3 97 


2 


1.822 


54 


2780.40 


2 


1.164 


84 


3417.80 


2 


0.196 


25 


i45i 67 


3 

4 


2. 7 33 
3.644 


55 


28i5.33 


3 
4 


1.747 
2.329 


85 


3423.67 


3 

4 


0.293 
0.391 


26 


i5o6.33 


5 


4-556 


56 


2850.27 


5 


2.91 1 


86 


342953 


5 


0.489 


26 i5 


1 520 






56 i5 


2859 
2882.80 






86 i5 


343i 
3432.4o 






37 


1559.80 


1 


0.884 


57 


1 


0.529 


87 


1 


o.o3i 


28 


1612.87 


2 

3 


1.769 
2.653 


58 


2914.53 


2 
3 


i.o58 
i.58 7 


88 


3434.27 


2 
3 


0.062 
0.093 


29 


1665.94 


4 


3.538 


5 9 


2946.26 


4 


2. 116 


89 


3436.i3 


4 


0.124 


3o 


1719 


5 


4.422 


60 


2978 


5 


2.644 


90 


3438 


5 


o.i56 



55 
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In explaining how the Hindus may have arrived at their empirical 
rule, as laid down in verses 15 and 16, for the development of the series 
of sines, we have also, as mentioned in our note, followed the guidance 
of Delambre. Prof. Newton, however, is of opinion that the rule in 
question was probably obtained by direct geometrical demonstration, in 
some such method as the following, which is much more in accordance 
with the mathematical processes exhibited or implied in other parts of 
the Surya-Siddhanta. 

In the quadrant AB (Fig. 34), let B F, BD, and BE be three arcs, of 

which each exceeds its predecessor 
Fi S- 84 - by the equal increment DForDE; 

and let Fm, D I, and E k be their 
sines, increasing by the unequal dif- 
ferences DA and E<?. Now as E D 
and D F are small arcs (they are 
shown in the figure of three times 
the proportional length of the arcs 
of difference of the Hindu table), 
EDy and D FA may be regarded as 
plane triangles, and the angles made 
by C D at D as right angles : hence 
the angles ED^r and C Dl are equal, 
the triangles EDy and GDI are 
similar, and E D : E^r :: C D : CI; or 
E#=E D.C l-t-C D. In like man- 
ner, D A=E D.C m~G D. There- 
fore DA — Ep , = EDiM-^CD; and Ey, which is the amount by 
which E& exceeds D I, equals D A — (EDim-|-CD). But, by simi- 
larity of the triangles CDZ and DFA, FA, or Im, equals ED.DZ4- 
CD; and hence ED.Zm-^-CD = (ED 2 -^CD 2 ) Dl, or (ED-^ 
C D) 2 D I. Now when E D equals 225' and C D 3438', E D -^ C D = 
•jJj nearly (or exactly r^^), and (ED-^-CD) 2 = z j I nearly (more 
exactly, 2-^ TK ). Hence E k—D I -\- D A — ^^ D I, which is equiva- 
lent to the Hindu rule. 

When we wrote the note to the passage of the text relating to the 
sines, we assumed that the rule as there stated would give the series of 
sines, having found upon trial that it held good for the first few terms of 
the series. But, it having been pointed out to us by Prof. Newton that 
the adoption of T \ as the value of ED-^-CD could not but lead to 
palpably erroneous results, we carried our calculations farther, and found 
that only five of the sines following the first one can be deduced from 
it by the processes prescribed ; that with the seventh sine begins a dis- 
cordance between the table and the result of calculation by the rule, 
which goes on increasing to the end, where it amounts to as much as 
TO' in the value obtained for radius. 

This untoward circumstance, which may be regarded as a trait highly 
characteristic of a Hindu astronomical treatise, seems to us rather to 
favor the opinion that the rule is the result of construction and demon- 
stration, and not empirically deduced from a consideration of the actual 
second differences: In the latter case we should more naturally suppose 
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that it would have been tested throughout by actual trial ; while, if it 
had been arrived at in the manner above explained, an application of it 
to the first few members only of the series might more easily have been 
accepted as a sufficient test of its correctness. 

16. p. 203. We are not sure that the name bhuja may not origin- 
ally and properly belong rather to the arc than to its chord or sine. It 
comes from a root bhuj, " bend," and signifies primarily " a bend, curve," 
being applied also to designate the arm on account of the latter's sup- 
pleness or flexibility. The word hot i also most frequently means " the 
end or horn of a bow." We might, then, look upon the relations of the 
arc (dkanus, capa, karmulca) and its parts and appurtenances as follows. 
The whole arc taken into account is (Fig. 2, p. 203) QRS : of this, BRC 
is the bhuja, curve or bow proper, while B Q and C S are its two kotis 
or horns : B C is the chord or bow-string (jya etc.), or, more distinct- 
ively, the bhujajya; which name, by substitution for jyardha, is also ap- 
plied to either of its halves, BH or HC: BF or CL is in like manner 
the kot.ijyd ; R H, finally, the versed sine, is the " arrow" (fara, ishu) ; 
by this name it is often known in other treatises, although not once so 
styled in this Siddhanta. If this view be correct, the terms bhuja and 
koti as applied to the base and perpendicular of a right-angled triangle, 
are given them on account of their relation to one another as sine and 
cosine, while the synonyms of bhuja, namely b&hu and dot, are employed 
on account only of their agreement with it in the signification " arm," 
and not in that which gives it its true application. For koti the treatise 
affords no synonyms. 

17. p. 207. M. Delambre, in his History of Ancient Astronomy (i. 
462 etc)., has subjected to a detailed examination the rules of the Surya- 
Siddhanta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a single formula, and has calculated for 
each degree of a quadrant the values of the equations, comparing them 
with those furnished by the Hindu tables, as reported by Davis (As. Res., 
ii. 255-256). M. Biot has more recently, in the Journal des Savants 
for 1859 (p. 384 etc.), taken up the same subject anew, especially point- 
ing out, and illustrating by figures and calculations, the error of the 
Hindus in assuming the variation of the equation to be the same in all 
the four quadrants of mean revolution. 

18. p. 220. Neither Delambre nor Biot (both as above cited), nor 
any other western savant who has treated of the Hindu astronomy, has 
found any means of accounting for the variation of dimensions of the 
planetary epicycles. In its present form and extent, indeed, it seems to 
defy explanation : we can only conjecture that it may be an unintelli- 
gent and reasonless extension to all the planets, and to both classes of 
epicycles, of a correction originally devised and applied only in one or 
two special cases. According to Colebrooke (As. Res., xii. 235 etc. ; 
Essays, ii. 400 etc.), there is^discordance among the different Hindu au- 
thorities upon this point. Aryabhatta agrees with the Surya-Siddhanta 
throughout; Brahmagupta and Bhaskara make the epicycles only of 
Venus and Mars variable ; Municvara, in the Siddhanta-Sarvabhauma, 
regards all the epicycles as invariable. 
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19. p. 236. Our suggestion of a possible derivation of the term yoga 
from the "sum" of the longitudes of the sun and moon is unquestion- 
ably erroneous. That term is to be understood here in the sense of 
"junction, conjunction," and the conception upon which is founded its 
application to the periods in question is that of a conjunction (yoga) of 
the moon with the twenty-seven asterisms {nakshatra) in their order, or 
her successive continuance in their respective portions. Only the sys- 
tem is divorced from any actual connection with the asterisms ; for while 
the latter are stellar groups, having fixed positions in the heavens, they 
are here treated as if the twenty-seven-fold division of the ecliptic found- 
ed upon them had no natural limits, but was to be reckoned from the 
actual position of the sun at any given moment. 

According to Warren (Kala Sankalita, p. 74), the names of the twenty- 
seven yogas, as given by us on page 236, are also applied by the Hin- 
dus to the junction-stars (yogatara) of the asterisms (with the omission, 
of course, of Abhijit) : for which see the notes to the eighth chapter. 
This fact we do not find noticed elsewhere ; possibly the usage is a local 
one only. 

Of the twenty-eight yogas of the other system, to which the Surya- 
Siddhanta makes no reference, the names are given by Colebrooke as 
follows : 

19. Siddhi. 

20. (Jubha. 

21. Ararta. 

22. Musala. 

23. Gada. 

24. Matanga. 

25. Raksbasa. 

26. Cara. 

27. Sthira. 

28. Pravardha. 
Colebrooke says farther : " The foregoing list is extracted from the 

Katnamala, of Qripati. He adds the rule by which the yogas are reg- 
ulated. On a Sunday, the nakshatras answer to the yogas in their 
natural order ; viz. Acvin! to Ananda, Bharani to KAladanda, etc. But, 
on a Monday, the first yoga (Ananda) corresponds to Mrgaciras, the 
second to Ardra, and so forth. On a Tuesday, the nakshatra which 
answers to the first yoga is Aclesha, ; on Wednesday, Hasta ; on Thurs- 
day, Anuradha, ; on Friday, Uttara-Ashadha ; and on Saturday, Qata- 
bhishaj." 

This is by no means a clear and sufficient explanation of the charac- 
ter and use of the system, yet we seem to see distinctly from it that this, 
110 less than the other system, is cut off from any actual connection with 
the twenty-eight asterisms, since the succession of the yogas is made to 
depend upon the day of the week, while the week stands in no constant 
and definable relation to the motion of the moon. 

20. p. 246. In stating that the Surya-Siddhanta furnished no hint of 
the precession excepting in this passage, we failed to notice that in one 
other place, namely in connection with the rules for finding the time 



t. Ananda. 

2. Kaladanda. 


1 a Mudgara. 
11. Chattra. 


3. Dbumra. 


12. Maitra. 


4. Praj&pati. 

5. Saumya. 

6. Dhvanksha. 


1 3. Manasa. 

1 4. Padma. 

1 5. Lambaka. 


7. Dhvaja. 

8. <J!rfvatsa. 

9. Vajra. 


16. TJtpata. 

17. Mrtyu. 

18. Kana. 
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when the declinations of the sun and moon are equal (xi. 6), the pre- 
cession is distinctly ordered to be calculated, and in terms which con- 
tain an evident reference to those in which the fact of the precession is 
here stated. The exception, however, is one which goes to prove, rather 
than overthrow, the general rule : the process in which we are for once 
favored with explicit directions upon the point in question is the one of 
all others in the work the most trivial, and the chapter which contains it 
furnishes, as pointed out by us in the notes, good reason to suspect late 
alterations and interpolations. We do not, then, regard the statement 
made in our note as requiring to be either retracted or seriously modi- 
fied. Nor do we, although fully appreciating the difficulty of assuming 
that the original elaborators of the general Hindu system can have been 
ignorant of, or ignored, the precession, regret the force and distinctness 
with which we have stated the circumstances which appear to favor that 
assumption. Whether it be true or false, there is much in connection 
with the subject which is strange, and demands explanation : and that 
can only be satisfactorily given when there shall have been attained a 
more thorough comprehension of the early history and the varying forms 
of the science in India. 

21. p. 258. The commentary frequently styles the sine of altitude 
mahdfanku, " great gnomon," to distinguish it from the ganku, " gno- 
mon." 

22. p. 275. Our statement that the Surya-Siddhanta employs only 
the term graha to designate the planets requires a slight modification. 
In one instance (ii. 69) they are called khacarin, and in one other (ix. 9) 
khacara, both words signifying "moving in the ether" (see xii. 23, 81). 

23. p. 282. This use of the word praci, " east, east point," appears 
to be taken from the projections of eclipses, as directed to be drawn in 
the sixth chapter. Thus, in the figure there given (Fig. 2V, p. 301), 
E M and v M represent the directions of the equator and ecliptic with 
reference to one another at the moment of first contact, and E and v 
are the east-points (prdci) of those lines respectively: the arc Ev, or 
the " interval of the two east-points," is the measure of the angle which 
the two lines make with one another at the given time. 

24. p. 285. As promised above, we present here, by way of appen- 
dix to the fourth chapter of our translation and notes, a 

Calculation, according to the Data and Methods of the Surya- 
Siddhanta, of the Lunar Eclipse of February 6th, 1860, 
for the latitude and longitude of washington. 

Bailly, in his work on the Hindu astronomy (p. 355 etc.), presents 
several calculations of eclipses by Hindu methods, namely of the lunar 
eclipse of July 29th, 1730, of the lunar eclipse of June 17th, 1704, and 
of the solar eclipse of Nov. 29th, 1704. But, owing to his imperfect 
comprehension of the character and meaning of many of the processes, 
and owing to his incessant use of Hindu terms in the most barbarous 
transcriptions, without explanations, his intended illustrations are only 
with difficulty intelligible, and are exceedingly irksome to study. Davis, 
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in his first valuable article in the Asiatic Eesearches (ii. 273 etc.), has 
also furnished a calculation of a lunar eclipse, as made by native astron- 
omers, comparing their results, obtained by several different methods, 
with the actual elements of the eclipse, as given by the Nautical Alma- 
nac. As it seemed desirable to give a like practical illustration of the 
Hindu methods of calculation, in connection with this fuller exposition 
of their foundation and meaning, and by way of an additional test of the 
accuracy of the results which the system is in condition to furnish, we 
have selected for the purpose the partial eclipse of the moon which oc- 
curred on the evening of Feb. 6th, 1860. Our calculations are made 
according to the elements of our text alone, without adding, like Davis, 
the correction of the bija, since our object is to illustrate the text itself, 
and not the modern system as altered from it. The course of the suc- 
cessive steps of our processes may not everywhere strictly accord with 
that which would be pursued by a native astronomer, as we take the 
rules of the text and apply them according to our own conception of 
their connection. 

We omit the preliminary tentative processes, and conceive ourselves 
to have ascertained that, at the time of full moon in the month Magha, 
I. A. 4961 (see page 1*74), or samvat 1917 (see add. note 12), the moon 
will be eclipsed. 

I. To find the sum of days (ahargana, dinaragi) for mean midnight 
next preceding full moon. 

The sixth day of February, 1860, being the day of full moon (ptirni- 
m&), is the fifteenth day of the first, or light, half of the lunar month 
Magha, the eleventh month of the year, as is shown by the table on 
page 174. The time, then, for which we are to find the sum of days, is 
49607 10 m 14 d , reckoning (i. 56) only from the commencement of the 
Iron Age. For this period the sum of days, as found by the processes 
already sufficiently illustrated in the notes to i. 48-51, is 1,811,981 days. 

II. To find the mean longitude of the sun and moon, and of the 
moon's apsis. 

The proportions (i, 53) 

r 4,32o,ooo : 496ore v 9» 23° 17' 1" 

1,577,917,828: 1,811,981: :\ 57,753,336 :66,32otev 39 9 44' 19" 

( 488,203: 56iw i« i3° 43' 1" 

give us — rejecting whole revolutions, and deducting 3 s from the motion 
of the moon's apsis, for its position at the epoch (see note to i. 56-58) — 
the mean longitudes required. These are for the time of mean midnight 
at TJjjayini : to find them for mean midnight at Washington, which is 
distant from TJjjayini 1 6717.28, upon a parallel of latitude 39367.75 in 
circumference (note to i. 63-65), we add to the position of each £|Hr£:ft 
or .42453 of its mean motion during a sidereal day. This correction is 
styled the dep&ntarapfiala. We have, then, 

Long. atUjjay. Correction. Long, at Wash'n. 

Sun, 9»23° 17' 1" + 25' 2" = 9323042' 3" 

Moon, 3» 9 44' 19' + 5° 34' 43" = 3» i5° 19' 2" 

Moon's apsis, ro» i3° 43' 1" + 2' 5o" = io«i3°45'5i" 
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The place of the sun's apsis remains as already found for Jan. 1st 
(note to ii. 39) : 

Longitude of sun's apsis, 2s 17 17' 24" 

In applying here the correction for difference of meridian, as well as 
in all other processes of the whole calculation into which the amounts 
of motion of the planets etc. during fractions of a day enter as elements, 
we have derived those amounts from the motions during a sidereal day, 
and not, as in the illustrative processes of our notes, during a mean so- 
lar day. The divisions of the day given in the text (i. 11-12) are dis- 
tinctly stated to be those of sidereal time, and all the rules of the treat- 
ise are constructed accordingly (see, for instance, ii. 59). It is evident, 
then, that in making any proportion in which is involved the amount of 
motion during 60 nadis, that amount is to be regarded as the motion 
during a sidereal day only. In overlooking in our notes the difference 
between the two, we have followed the example of all the illustrations of 
Hindu methods of calculation known to us. The difference is, indeed, 
in a Hindu process, of very small account ; but we have preferred, in 
making this calculation, to follow what we conceive to be the exacter 
method. The mean motions during a sidereal day of the bodies con- 
cerned in a lunar eclipse are as follows : 

Sun, 58' 58" 28"' 55"" 

Moon, 1 3° 8' a5" 21'" 21"" 

Moon's apsis, 6' 3 9 " 53'" 1"" 

Moon's node, 3' 10" i3'" 28"" 

III. To find the true longitudes and motions of the sun and moon : 
1. To find the sun's true longitude (note to ii. 39) : 

Longitude of sun's apsis, 2' 17 17' 24" 

deduct sun's mean longitude (ii. 29), 9" 23° 42' 3" 



Sun's mean anomaly (kendra), 4 s 23° 35' 21' 

Arc determining the sine (bhnja — ii. 30), 36° 25' 

Sine of sun's mean anomaly ' bhujajyd), 2o4o' 

Corrected epicycle (ii. 38), i3° 48' 

Equation (bhujajydphala — ii. 39), -f- i° 18' 

add to sun's mean longitude, 9» 23° 42' 

Sun's true longitude, 9 s 25° o' 

2. To find the moon's true longitude (note to ii. 39) : 

Longitude of moon's apsis, 10s i3° 45' 5i' 



deduct moon's mean longitude, 


3» i5° 19' 2" 


Moon's mean anomaly, 


6s 28 26' 49" 


Arc determining the sine, 


28° 27' 


Sine of moon's mean anomaly, 


1637' 


Corrected epicycle, 


3i° 5o' 


Equation, 


— 2° 25' 


deduct from moon's mean longitude, 


3« i5° 19' 


Moon's true longitude, 


3" 12° 54' 





58' 


58" 




2C>4o' 






i83' 






47' 


58" 


+ 


i' 


5o" 




58' 


58" 
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3. To find the sun's true rate of motion (ii. 48-49) : 

Sun's mean motion in 60 nadis, 
Sine of sun's mean anomaly, 
Difference of sines, 
Daily increase of sine of anomaly, 
Equation of motion, 

add to sun's mean motion, 

Sun's true motion, 6o' 48" 

4. To find the moon's true rate of motion (ii. 47-49) : 

Moon's mean motion in 60 nadis, 788' 25" 

deduct motion of apsis (ii. 47), 6' 4o" 

Daily increase of moon's mean anomaly, 781' 45" 

Sine of moon's mean anomaly, 1637' 

Difference of sines, 199' 

Daily increase of sine of anomaly, 691' 25" 
Equation of motion, + 61' 8" 

add to moon's mean motion, 788' 25" 

Moon's true motion, 849' 33" 

IV. To find the interval between the given instant of midnight and 
the end of the half-month, or the moment of opposition in longitude of 
the sun and moon, which is the middle of the eclipse. 

At the instant of mean midnight preceding full moon, we have found 
the true longitudes of the sun and moon, and their distance in longitude, 
to be as follows : 

Sun's true longitude, 9» 25° o' 

Moon's do., 3« 12 54' 

Distance in longitude, 6 s 1 2 6' 

Hence we see that the moon has still 12° 6' to gain upon the sun. We 
have also found their true rates of motion, and the difference of those 
rates, to be as follows : 

Moon's true motion, 849' 33" 

Sun's do., 60' 48" 

Moon's daily gain, 788' 45" 

Now we mate the proportion : if the moon in 60 nadis gains upon 
the sun 788' 45", in how many nadis will she gain her present distance 
in longitude from the sun ? or 

788' 45" : 60a : : 726' : 55"> i3v 3p 

It thus appears that the time of opposition is 55 n 13 v 3p after mean 
midnight of Feb. 5-6. This result, however, requires correction, for 
the moon's motion has become sensibly accelerated during so long an 
interval, and we find, upon calculation, that she is then 2' past the point 
of opposition. A repetition of the same process shows that it is neces- 
sary to deduct 10 v 3? from the time stated. Then, at 55 n 3 V after mean 
midnight, we have as follows : 



9 s 


24° 


36' 


+ 


1° 


20' 


9' 


25° 


56' 


3s 


27 


22' 


I OS 


i3° 


52' 




-i° 


26' 
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Sun's mean longitude, 
Equation of place, 

Sun's true longitude, 

Moon's mean longitude, 
Longitude of apsis, 
Equation of moon's place, 

Moon's true longitude, 3a 25° 56' 

By the same process as before, the true motions of the two planets 
at the moment of opposition are found to be : 

Sun's true motion, 6o' 48" 

Moon's do. 854' 36" 

It would have been better to adopt, as the starting-point of our cal- 
culations, the mean midnight following, instead of that preceding, the 
opposition of the sun and moon, because in that case, the interval to 
the moment of opposition being so much less, it might have been found 
by a single process, not requiring farther correction. The same change 
would have enabled us to follow strictly the rule given in ii. 66 for find- 
ing the end of the lunar day ; which rule we were obliged above to ap- 
ply in a somewhat modified form, because a little more than one whole 
lunar day was found to intervene between the given midnight and the 
moment of opposition. 

V. To determine the instant of local time corresponding to the mid- 
dle of the eclipse. 

What we have thus far found is the interval between mean midnight 
and the moment of opposition. But since Hindu time is practically 
reckoned from true sunrise to true sunrise, we have now, in order to de- 
termine at what time the eclipse wilt take place, to ascertain the inter- 
val between mean midnight and true sunrise. 

In order to this, we require first to know the equation of time, or the 
difference between mean midnight and true or apparent midnight, which 
is the moment when the sun actually crosses the inferior meridian. As 
concerns this correction, we have deviated somewhat from the method 
contemplated by the text. It is there prescribed (ii. 46) that, so soon 
as the sun's equation of the centre has been determined, there should 
at once be calculated from it, and applied to the longitude of the two 
planets, a correction representing, in terms of their motion, the equation 
of time ; so that the distance of the moment of opposition from mean 
midnight does not directly enter into account at all. We have preferred 
to follow the course we have taken, in order to bring out and illustrate 
more fully the utter inadequacy of the prescribed method of making al- 
lowance for the equation of time, to which we have already briefly re- 
ferred in the note to ii. 46. The method in question is virtually as fol- 
lows : the sun being found at the given midnight to be 1° 18', or 78', 
in advance of his mean place, the equation of time may be ascertained 
by this proportion : as a whole circle is to a sidereal day, so is the sun's 
equation of place to the time by which his true transit will precede or 
follow his mean transit ; or, in the present case, 
21,600' : 6o n : : 78' : on i3" 
vol. vi. 56 



438 U. Burgess, etc., [iv. 

■which gives us 13 vinadis, or 5-| minutes, as the value of the equation. 
But this is assuming that the sun's motion takes place along the equator, 
instead of along the ecliptic, which is so grossly and palpably erroneous 
that we wonder how the Hindus could have tolerated a process which 
implied it. Their own methods furnish the means of making a vastly 
more correct determination of the equation in question. The mean lon- 
gitude of the sun at the given midnight is — after adding to it the amount 
of the precession, as determined farther on — 10 s 14° 7': hence, if the 
sun were 10 s 14° 7' distant upon the equator from the vernal equinox, 
or if he had that amount of right ascension, mean and true midnight 
would coincide. But he is actually at 10 s 15° 25' of longitude. If, 
then, we ascertain what point on the equator will pass the meridian at 
the same time with that point of the ecliptic, its distance from the sun's 
mean place in right ascension will be the equation of time required. 
This may be accomplished as follows. The sun is in the eleventh sign, 
of which the equivalent in right ascension (iii. 42-45) is 1795P : his 
distance from its commencement is 15° 25', or 925'. Hence the pro- 
portion (ii. 46) 

j8oo' : 1795P: : 925' : 922P 

gives us 922p as the ascensional equivalent of the part of the eleventh 
sign traversed by the sun {bhukt&savas). Now add together the 

Ascensional equivalents of three quadrants, i6,2ooP 

do. of the tenth sign, i,935p 

do. of the part of the eleventh sign traversed, 922P 

their sum is i9 v o57P 

which is equal to 10 s 17° 37' ; this, then, is the sun's true right ascen- 
sion. The difference between it and his mean right ascension, 10 s 14° 7', 
is 3° 30', of which the equivalent in sidereal time is 210P or 35 v , or 14 
minutes. This, which is more than two and a half times as much as 
the value formerly found for the equation, is quite nearly correct ; its 
actual amount for Feb. 6th being given by the Nautical Almanac as 
14 m 20s. 

There is not, among all the processes taught in the Surya-Siddhanta, 
another one of so inexcusably bungling a character as this, while the 
means lay so ready at hand for making it tolerably exact. 

In going on to calculate the local time of the eclipse, we shall adopt 
the valuation of the equation of time given by the Hindu method, or 
13?, but we shall reserve the distance of the phases of the eclipse from 
midnight, free from this constant error of about 10 m , for final compari- 
son" with the like data given by our modern tables. 

To find the local time, we must first ascertain (ii. 59) the length of 
the sun's day, from midnight to midnight, and in order to this we need 
to know in what sign the sun is. Hence we require 

1. To determine the amount of precession for the given date. 

By iii. 9-12, the proportion 

1,577,917,828'' : ooorev : : 1,81 1,981a : orev 8b 8° 1' i4".6 

gives us 248° 2' 14".6 as the part of a revolution accomplished by the 
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movable point. Of this, the part determining the sine is 68° 2' 14".6. 
Then the farther proportion 

io : 3: : 68° 2' i4"-6 : 20° iA' 44" 
gives us 20° 24' 44" as the amount of the precession. Now, then, to 
the 

Sim's true longitude, 9" 25° 56' 

add the precession, 20° 25' 

Sun's distance from vernal equinox, io» 16 21' 

This quantity is often called sayana shrya ; that is to say, " the sun's 
longitude with the precession (ayana) added." 

The sun is accordingly in the eleventh sign, of which the ascensional 
equivalent is 1795P. His daily motion has been found to be 60' 48". 
Hence the proportion (ii. 59) 

1800' : 1795P : : 60' 48" : 6op.64 
gives us 61P, or 10 v 1p, as the excess of the sun's day over a true side- 
real day of 60 nadis : its length is accordingly 60 n 10v IP, or 21,661?. 

Next we desire to know how much of this day passed between mid- 
night and sunrise, and for this purpose we have 

2. To find the sun's ascensional difference (card). 

a. To ascertain the sun's declination, and its sine and versed sine. 

The sun's longitude, with precession added (sdyana surya), io» 16 21' 

Arc determining the sine (fihuja), 43° 39' 

Sine, 2372' 

Now, then, the proportion (ii. 28) 

3438' : 1397' : : 2372' : 964' 
gives us 964' as the sine of declination (Jcr&ntijya) ; the corresponding 
arc (ii. 33) is 16° IV S ; its versed sine (ii. 31-32) is 139'. 

b. To find the radius of the sun's diurnal circle (ii. 60). 

From radius, 3438' 

deduct versed sine of declination, 139' 

Radius of diurnal circle (dinavydsadala, dyujyd\ 3299' 

c. To find the earth-sine (ii. 61). 

The measure of the equinoctial shadow at Washington is (see note to 
ii. 61-63) 9 d .68. The proportion, then, 

1 2d: 9<i.68:: 964' : : 778' 

shows the value of the earth-sine (kshitijya, hujya) to be 778'. 

d. To find the sun's ascensional difference (ii. 61-62). 
The proportion 

3299' : 3438' :: 778' : 811' 

gives the sine of ascensional difference (carajya), which is 811'. The 
corresponding arc, or the sun's ascensional difference (caret) caradala), is 
13° 39', or 8191*. 
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3. To find the time from midnight to sunrise. 

The sun's declination being south, the ascensional difference is to be 
added (ii. 62-63) to the quarter of the sun's complete day, to give the 
length of the half-night. That is to say, 

Quarter of sun's complete day (2i,66ip-r-4), 5,4i5p 

Sun's ascensional difference, 8iop 

Sun's half-night, 6.234P 

The interval between true midnight and true sunrise is therefore 
6,234p, or I7 n 19 v . That from sunrise till noon (a quantity required in 
later processes) is found in like manner by subtracting the ascensional 
difference from the quarter-day : it is 4596?. 

Now then, finally, 

Time of opposition, reckoned from mean midnight, 55n 3v 

deduct equation of time, i3v 

do. reckoned from true midnight, 54 a 5o» 

deduct interval till sunrise, 17" '9 T 

do. reckoned from sunrise, 371 3 1» 

The time at which the opposition of the sun and moon in longitude 
takes place, or the middle of the eclipse, is accordingly, by civil reckon- 
ing at Washington, 37 n 3lv. 

VI. To determine the diameters of the sun, moon, and shadow. 

1. To find the sun's apparent diameter. 

The sun's mean motion in a sidereal day being 58' 58", his true mo- 
tion at the time of the eclipse being 60' 48", and his mean diameter 
6500 yojanas, we find, by the proportion (iv. 2) 

58' 58" : 60' 48" : : 65ooy : 67027.81 

that the sun covers of his mean orbit, at the time of the eclipse, 6702.81 
yojanas. This is reduced to its value upon the moon's mean orbit by 
the proportion (iv. 2) 

57,753,336 : 4,320,000 : : 6702y.8i : 5oiy.37 

And upon dividing the result, 501.37 yojanas, by 15 (iv. 3), we find the 
sun's apparent diameter to be 33' 25". 

2. To find the moon's apparent diameter. 

In like manner as before, the proportion (iv. 2) 
788' a5" : 854' 36 : : 48o7 : 52oy.3 
shows us that the moon's corrected diameter is 520.3 yojanas. This also, 
divided by 15 (iv. 3), gives the value of the moon's apparent diameter in 
arc : it is 34' 41". 

3. To find the diameter of the earth's shadow. 
The following proportion (iv. 4), 

788' a5" : 854' 36" : : i6ooy : i734y.3 
determines the value of the earth's corrected diameter (s&d) to be 1734.3 
yojanas. 
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Again, from the 

Sun's corrected diameter, 6702 y .8i 

deduct the earth's diameter (iv. 4), 1600 

remains 5i02y.8i 

and this remainder, when reduced by the following proportion (iv. S), 

65oo7 : 4807 : : 5i02y.8i : 3767.8 

gives us the excess of the earth's corrected diameter (&iic£) over the di- 
ameter of the shadow on the moon's mean orbit. Hence, from the 

Earth's corrected diameter, I734y.3 

deduct last result, 3767.8 

Diameter of shadow, 1 3 577. 5 

divide by i5 

Diameter of shadow in arc, 90' 3o" 

VII. To determine the moon's latitude at the middle of the eclipse, 
and the amount of greatest obscuration. 
The proportion (i. 53) 

1,577,917,828 : 232,238 : : 1,811,981 : 266rev8i 7° 28' 25" 

gives us the amount of retrograde motion of the moon's node since the 
commencement of the Iron Age. Deducting from this 6 s , for the posi- 
tion of the node at that time (note to i. 56-58), and taking the comple- 
ment to a whole circle, we have 

Longitude of moon's node, mean midnight, at TJjj., 
deduct for difference of meridian, 

Longitude of moon's node, mean midnight, at Wash'n, 
deduct motion during 55n 3", 

Longitude of moon's node at moment of opposition, 
subtract from moon's longitude (ii. 57), 

Moon's distance from node, 6 s 3° 29' 

Arc determining the sine (jbhuja), 3° 29' 

Sine, 209'- 

Hence the proportion 

3438' : 270' : : 209' : 16' 25" 

gives us, as the moon's latitude at the moment of opposition, 16' 25" S. 
Now, then, by iv. 10-11, 

Semi-diameter of eclipsed body (34' 41 "-— 2), 17' 22" 

do. of eclipsing body (90' S0"-r-2), 45' i5" 

their sum, 6 2 / 3^11 

deduct moon's latitude, 16' 25" 



9» 22° 3i' 
1' 


35" 
21" 


9s 22° 3o' 

. 2' 


14" 
55" 


9a 22° 27' 
3» 25° 56' 


19" 



Amount of greatest obscuration (grdsa), 46' 12" 

and since this amount is greater than the diameter of the eclipsed body, 
it is evident that the eclipse is a total one. 
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This is a most unfortunate result for the Hindu calculation to yield ; 
for, in point of fact, the eclipse in question is only a partial one, obscur- 
ing about four-fifths of the diameter of the moon's disk. The source of 
the error lies mainly in the misplacement, relatively to the sun and moon, 
of the moon's node, and the consequent false value found for the moon's 
latitude. The latter quantity actually amounts, at the time of opposi- 
tion, to 35' 42", or more than twice the value given it by the Hindu 
processes. And it will be seen, on referring to the table on p. 188, that 
the relative error in the place of the moon's node, having been accumu- 
lating for seven centuries, is now about 3-J°, and so reduces, by more 
than half, the true distance of the moon from her node. We have tried 
whether the admission of the correction of the bija would better the re- 
sult, but that is not the case : the error of position is still (see the table) 
nearly 2°, and the moon's latitude is increased only to 24' 11", so that 
the eclipse still appears to be total. It is evidently high time that a new 
correction of bija be applied by the Hindu astronomers to their elements, 
at least to such as enter into the calculation of eclipses. 

VIII. To find the duration of the eclipse, and of total obscuration, 
and the times of contact, immersion, emergence, and separation. 

Diameter of the eclipsing body, the shadow, 90' 3o" 90' 3o" 

do. eclipsed body, the moon, 34' 4i" 34' 4i" 

Sum and difference, ia5' n" 55' 49" 

Half-sum and half-difference (CM and CN, Fig. 21, p. til), 62' 35" 27' 55" 

Squares of do., 3919' 7^4' 

deduct square of latitude, 269' 269' 

remain, 365o' 455' 

Square roots of remainders (C A and CBJ, 60' 25" 21' 19" 

In order to reduce these quantities to time, we need first to ascertain 
the difference of the true daily motions of the sun and moon at the 
given moment : 

Moon's true daily motion, 854' 36" 

Sun's do., 60' 48" 



Moon's gain in a day, 79^' 48" 

Hence the proportions (iv. 13) 

79 3'48":6on::j°°,^,; 



: 4a 34" 
in 36v 4p 



give us the half-duration of the eclipse as 4 n 34 v , and the half-time of 
total obscuration as l n 36 T 4p, supposing the moon's latitude to remain 
constant through the whole continuance of the eclipse. We now pro- 
ceed to correct these results for the moon's motion in latitude. And 
first, as regards the half-duration. We calculate the amount of motion 
of the moon and of her node during the mean half-duration by the fol- 
lowing proportions (iv. 14) : 

6on : 854'36":: 4»34v; i°5' 2" 

6on : 3' 10" : : 4" 34" : i4" 
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Farther, 

To and from moon's long, at opposition, 3' 25° 56' 3« 25° 56' 

add and subtract motion during half-duration, i° 5' i° 5' 

Moon's long, at end and beginning of eclipse, 
From and to long, of node at opposition, 
subtract and add motion during half-duration, 

Long, of node at end and beginning of eclipse, 9 s 22 27' 9" 22 28' 

Moon's distance from node, 6 s 4° 34' 6s 2 23' 

Arc determining sine, 4° 34' 2 23' 

Sine, 274' i43' 

Moon's latitude at end and beginning of eclipse, 21' 3i"S. ii'i4"S. 

From these valuations of the latitude we now proceed to calculate 
anew, in the same manner as before, the half-durations, as follows : 

Square of half-sum of diameters, ^919' 2919' 

deduct squares of latitude, 463' 126' 

remain, 3456' 3793' 

Square roots of remainders, 58' 47" 61' 35" 

And the proportions 



7 9 3'48":6on: : P 8 ' 4 7":4 n 2 6 v3p 
7y 4 }6i'35":4°3 9 v2P 



give us the corrected values of the intervals between opposition and con- 
tact and separation respectively, or the former and latter half-durations, 
as 4 n 39 T 2P and 4 n 26 v 3P. 

The text contemplates the repetition of this corrective process, if still 
greater accuracy be required in the results attained : we have not thought 
it worth while to carry the calculation any farther, as a second correc- 
tion would be of altogether insignificant amount. 

By a like process, the former and latter half-times of total obscura- 
tion, and the moon's latitude at immersion and emergence, are found to 
be as follows : 

Moon's latitude at immersion and emergence, 
Half-times of total obscuration, 

By adding the two halves we obtain 

Duration of the eclipse (stliiti), 

do. of total obscuration (vimarda), 

And by subtracting and adding the half-times of duration and of 
total obscuration from and to the time of opposition (iv. 16-17), we 
obtain the following scheme for the successive phases of the eclipse : 

pj ]ase Time of occurrence : 

after mean midnight. after sunrise. 

First contact, Son 23» 4P 32n 5iv 4 p 

Immersion, 53n 2o v 3P 35n 48v 3P 

Middle of eclipse, 55n 3» op 3^0 3iv op 

Emergence, 56n 32V 4p 3^n o» 4p 

Last contact, 59n 29V 3 p 4in 57V 3 D 
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The proper calculation of the eclipse is now completed. If, however, 
we desire to project it, we have still to determine the valana, or deflec- 
tion of the ecliptic from an east and west line, for its different phases, 
as also the scale of projection. "We will therefore proceed to calculate 
them, deferring to the end of the whole process any comparison of the 
results we have obtained with those given by modern astronomical 
science. 

IX. To calculate the deflection of the ecliptic from an east and west 
line (valana) for the middle, beginning, and end of the eclipse. 

1. For the middle of the eclipse. 

a. To find the length of the moon's day and night respectively at the 
given time. 

Moon's longitude at opposition, 3s 25° 56' 

Precession, 20° 25' 

Moon's distance from vernal equinox, 4 s 16 21' 

Arc determining sine, 43° 39' 

Sine, 2372' 

The moon's declination is then found by the following proportion 
(ii. 28) : 

3438' : 1397' : : 2372' : 964' = sin 16°. 17' 

Now, from 

Moon's declination 
deduct her latitude (ii. 68), 

Moon's true declination, 
Sine of do., 
Versed sine of do., 

deduct from radius (ii. 60), 

Moon's day-radius, 33o3' 

Again, to find the earth-sine, we say (ii. 61), 

1 2d : 9CI.68 : : 948' : 765' = earth-sine, 
and to find the ascensional difference (ii. 61-62), 

33o3' : 3438' : : 765' : 796' =sin i3° 24' or 8o4'. 
The excess of the moon's complete revolution over a sidereal day is found 
by the proportion (ii. 59) 

1800' : 1795? : : 849' 33" : 848P 
Adding this to a sidereal day, or 21,600?, we find that the moon's day 
is of 22,448?, of which one quarter is 561 2p. Increase and diminish 
this by the moon's ascensional difference (ii. 62), and the half-day and 
half-night are found to be 6416p and 4808p respective!}'. 

All this laborious process of ascertaining the length of the moon's 
half-day, or the time which, with the given declination, she would oc- 
cupy in rising from the horizon to the meridian, is rendered necessary 
by the correction which the commentary applies to the rale of the text 
in which the moon's hour-angle is involved, as pointed out in the note 
to iv. 24-25 (p. 284, above). We now proceed 
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b. To find the hour-angle, and the corrected hour-angle. 

At the moment of opposition, the moon's hour-angle is evidently the 
same with that of the sun. Hence it may be found as follows : 

Time of opposition reckoned from sunrise, 37 n 3i», or i3,5o6p 

deduct the whole day, 9, 1921" 

remains 4,3i4P 

deduct from the half-night, 6.235P 

Sun's distance in time from inferior meridian, i,92iP 

The moon's distance eastward from the upper meridian is accordingly 
1921P. This is corrected, or reduced to its proportional value as a part 
of the moon's arc of revolution from the horizon to the meridian, by the 
following proportion : 

64i6p : 90 : : 1921P : 26° 5j' 

The moon's corrected hour-angle, then, is 26° 51' : its sine is 1557'. 

c. To determine the amount of deflection for latitude (valanang&s, or 
aksha valana — iv. 24). 

The sine of the latitude of Washington, 38° 54', is 2158'. Hence 
the proportion 

3438' : i557' : : 2i58' : 977'=sin 16 3i' 

gives us 16° 31' as the value of the quantity sought. The moon being 
in the eastern hemisphere, it is to be reckoned as north in direction. 

d. To determine the amount of deflection for ecliptic-deviation (dyana 
valana — iv. 25). 

Moon's distance from vernal equinox, 4 8 16° 21' 

add a quadrant, 3 s 

their sum, 7 s I6 21' 

arc determining sine, 46° 21' 

sine, 2486' 

Hence, by ii. 28, the proportion 

3438' : 1397' : : 2486' : ioio'=sin 17° 6' 

gives ns 11° 6' as the amount of declination of the point of the ecliptic 
which is a quadrant in advance of the moon, and this is the deflection 
required. Its direction is south. We are now ready for the final process. 

e. To ascertain the net amount of deflection (valana), in digits. 

From the ecliptic-deflection, 
deduct the deflection for latitude, 

remains the net deflection, in arc, 
divide (iv. 25) by 

Deflection in digits, o d .5o S. 

It thus appears that, at the moment of opposition, the part of the 
ecliptic in which the moon is situated very nearly coincides in direction 
with an east and west circle. The amount of deflection is so small that 
vol. vi. 57 
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in our projection, given in connection with the sixth chapter, we were 
obliged to exaggerate it somewhat, in order to make it perceptible. 

2. For the beginning of the eclipse. 

As, owing to the moon's motion in latitude and longitude, her decli- 
nation, and so also her ascensional difference, are not precisely the same 
at the beginning and end of the eclipse as at the moment of opposition, 
we ought in strictness to repeat the first part of the preceding calcula- 
tion, determining anew the length of the moon's half-day, as it would 
be if she made her whole revolution about the earth with those declina- 
tions respectively, This we take the liberty of omitting to do, as the 
modification thus introduced into the process would be of very small im- 
portance. 

a. To find the moon's corrected hour-angle. 
And first, for the sun's hour-angle : 

Time of first contact, reckoned from sunrise, 32» 5iv 4p, or n,83oP 

deduct the whole day, 9,i9 a P 

remain 2,638p 

deduct from the half-night, 6,235p 

Sun's distance in time from inferior meridian, 3,5o7P 

This, then, is the hour-angle of the centre of t^he shadow at the time 
of contact. The distance of the centre of the moon in longitude from 
that of the shadow was found above (under VIII) to be 61' 35". This 
is reduced to its value in right ascension by the proportion 

1800' : J795 P : : 6i' 35" : 61P.4 
Now, then, 

from the hour-angle of the shadow, 3,5o7P 

deduct the difference of the moon's right ascension, 6iP 

Moon's hour-angle at beginning of eclipse, 3,536p 

This is virtually an application of the process taught in iii. 50. 

The moon's hour-angle is now corrected, as before, by the proportion 

64i6p : 90° : : 3536p : 49° 36' 

The sine of 49° 36' is 2617'. 

b. To find the deflection for latitude. 
The proportion 

3438' : 2i58' : : 2617' : i643'= sin 28 34' 

gives us the deflection for latitude as 28° 34', which is north, as before. 

c. To find the ecliptic-deflection. 

Moon's distance from vernal equinox at opposition, 
deduct motion during 4 n 3<j v 2P, 

do. at time of contact, 

add a quadrant, 

sum, 

arc determining sine, 

sine, 
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Next, the proportion 

3438' : 1397' : : 2441' : 992' = sin 16 in' 

shows us that the ecliptic-deflection is 16° 47' ; it is, as in the former 
case, south. 

d. To find the deflection, in digits. 

From the deflection for latitude, 38° 34' H\ 

deduct the ecliptic-deflection, 16° 47' S. 

remains the net deflection, in arc, n° 47' ~S- 

its sine is 702' 

divide by 70 

Deflection, in digits, io3.o3 If. 

3. For the end of the eclipse. 

Of this process, which is throughout closely analogous to the last, we 
shall present only a brief statement of the results. 

Hour-angle of the centre of the shadow, 322PE. 

Distance of the centre of the moon in right ascension, 59P E. 

Moon's hour angle, 38ipE. 

do. corrected, 5° 20' 

Sine, 320' 

Deflection for latitude, 3° 21' If. 
Moon's distance from vernal equinox -f- 3«, 7' 17° 24' 

Arc determining sine, 47° 24' 

Sine, 253o' 

Ecliptic-deflection, i7°24'S. 

Net deflection, in arc, i4° 3'S. 

do. in digits, iid.93 S. 

The mode of application of these quantities in making a projection 
of an eclipse is sufficiently explained in the notes to the sixth chapter, 
and illustrated by the figure there given, which is adapted to the condi- 
tions of the eclipse here calculated. All the quantities entering into the 
projection, however, of which the value has been stated in minutes, re- 
quire also to be reduced to digits, according to a scale determined by the 
following process. 

X. To determine the scale of projection of the disks and latitudes 
(iv. 26). 

This process we will perform only for the moment of opposition, or 
for the middle of the eclipse. At this time, as has been seen above, we 
have 

Moon's half-day, 64i6p 

do. hour-angle (nata), 192 IP 

do. altitude in time (unnata), 4495P 

add64i6PX3 19,248? 

the sum is 23.743P 

divide by 6,-fi6p 

the quotient is 3.7 
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At the elevation, then, which the moon has when in opposition, S'.7 
make a digit, and by this amount the values of the disk of the moon, 
the shadow, and the latitudes, are to be divided, in order to reduce them 
to a scale upon which they may be plotted. It is evident that, in strict- 
ness, the same calculation requires to be made also for the time of con- 
tact and the time of separation, or the time of any other phase of which 
the projection is to serve as an illustration : but it is evident also that 
this is wellnigh impracticable, since one projection could then be used 
to illustrate only a single phase, unless several different scales should 
be employed in the same figure. 

It now only remains for us to present a comparison of the elements 
of the eclipse, as thus calculated, with their true values as determined 
by modern astronomical science. This is done in the annexed table. 
The true elements we take from the American Nautical Almanac for 
1860. In comparing the time of the middle of the eclipse, we take, as 
already mentioned, the value of it given by the Hindu process as calcu- 
lated from mean midnight. 



Surya-Siddhanta. 


Am, 


. Naut. Almanac. 


Hindu error. 


Time of opposition in long., 9I1 57m 35s P . m. 


9 h 


27m JOS. 8 P. M. 


+ 


3om 243 


Moon's long, at opposition, 1 36° 2 1 ' 


] 


i3 7 ° 35' 53".7 


— 


J° 


1 5' 


lat. at " 16' 25" S. 




35' 42".i S. 


— 




19' 17" 


" hourly motion in long., 35' 37" 




38' o".6 


- 




2' 24" 


Semi-diameter of sun, 16' 42" 




16' l5".2 


+ 




27" 


do. of moon, 17' 20" 




16' 42".6 


+ 




3 7 " 


do. of shadow, 45' i5" 




45' 16" 


- 




1" 


Amount of obscuration, 1.33 




0.812 


+ 




o.5i8 


Whole duration of eclipse, 31> 37m 44> 


2 h 


5 2 m 24s 


+ 45m 


20 9 



25. p. 299. Our next note is a 

Calculation, according to Hindu Data and Methods, of the 

Solar Eclipse of May 26th, 1854, 
fob the latitude and longitude op williams' college, williamstown, mass. 

As has been already mentioned in the closing note to the fifth chap- 
ter, the following calculation of a solar eclipse was mainly made for the 
translator, while in India, by his native assistant. Some additional cal- 
culations have been appended here by us, in order to render the whole 
process a more complete illustration of the rules as given in the text of 
our treatise ; and we have also had to reject and replace certain parts 
of the work actually done, on account of their inaccuracy. For the 
most part, we present the work as it was made, although involving some 
repetitions which might be regarded as superfluous, after the explana- 
tions and illustrations already given in the notes and in the preceding 
calculation of a lunar eclipse. The eclipse selected is the one calculated 
and delineated in Prof. James H. Coffin's useful work, entitled " Solar 
and Lunar Eclipses familiarly illustrated and explained, with the method 
of calculating them, according to the theory of Astronomy as taught in 
New-England Colleges" (New York, 1845). 
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I. To find the sum of days {ahargana) from tile commencement of 
the planetary motions to the time of calculation. 

The eclipse in question occurs at the close of the month Vaicakha, 
the second month of the luni-solar year, in the 17 1 7th year of the era 
of Qalivahana ( see a( j(3 no t e 12). To compute, then, the number of 
whole years, and to reduce them, with the remaining part of a year, to 
mean solar days, we proceed as follows : 

Sandhi at the beginning of the halpa, 1,728,000 

Six manvantaras, i,85o,688,ooo 

Twenty-seven mahdyugas of the seventh Manu, 1 1 6,640,000 

1 ,969,056,000 
deduct the time spent in creation, 1 7,064,000 

From creation to beginning of 28th mahdyuga, 1,951 992,000 

Krta yuga of 28th or current mahdyuga, 1,728,000 

Tretdyugaol " 1,296,000 

Dudpara yuga of " 864,000 

Kali yuga, to era of Calivabana, 3,179 

Complete years elapsed of the era, 1,776 

From the creation to end of March, 1854, complete years, 1,955,884,955 
to reduce to solar months, multiply by 12 

Solar months, 23,470,619,460 

add month of current year elapsed, 1 

Whole number of solar months, 23,470,619,461 

Now, to find the intercalary months, we make the proportion 

5i,84o,ooo : 1, 593,336 :: 23,470,619,461 : 721,384,701 
Then, to 

Solar months elapsed, 23,470,619,461 

add intercalary months, 721,384,701 

Lunar months elapsed, 24,192,004,162 

to reduce to lunar days, multiply by 3o 

Lunar days, 725,760,] 24,860 

add for current month, 29 

Whole number of lunar days, 725,760,124,889 

Farther, to find the number of tithikshayas, or omitted lunar days, in 
this period, we say 

i,6o3,ooo,o8o : 25,082,252 : : 725,760,124,889 : u,356,oi8,362 
Next, from 

Lunar days elapsed, 725,760,124,889 

deduct omitted lunar days, 1 i,356,oi 8,362 

Mean solar days elapsed, 714,404,106,527 

This, then, is the required ahargana, or sum of days from the com- 
mencement of the planetary motions to about the time of new moon, 
May, 1854. The processes by which it is found are in all respects the 
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same with those illustrated by its in the notes to i. 21-23, 24, 48, 48-51, 
above. It will be noticed that the Hindu astronomer, at least when 
working out an illustrative process, like the one in hand, scorns to make 
use of any of the means for reducing the labor of computation which 
the text directly or impliedly permits, and of which, in our own calcu- 
lations, we have been glad to avail ourselves. 

II. To ascertain the mean longitudes of the sun, the moon, the sun's 
apsis, the moon's apsis, and the moon's node, for mean midnight on the 
Hindu meridian, at the given interval from the creation. 

The amount of motion, since the creation, of the bodies named, in 
their order, is found by the following series of proportions : 

1,577,917,828 : 714,404,106,527 :: 4,320,000: i,955,884,955rev is 12 i4' i4" 
1,577,917,828 : 714,404,106,527 : : 57,753,336 : 26,147,889,1 18'ev is 9° 44' 29" 
1,577,917,828,000 : 714,404,106,527 :: 387 : I75rev 2 a 17 17' 23" 

1,577,917,828:714,404,106,527:: 488,203 : 22,i34,467 rev 2s 21 56' 9" 
1,577,917,828 : 714,404,106,527 :: 232,238 : io5,i46,020tev io» 17 11' 5o" 

Rejecting whole revolutions, and, in the case of the moon's node, 
subtracting the fraction from a whole revolution, we have, as the mean 
longitudes required : 

Sun, isi2°i4'i4" 

Moon, i» 9 44' 29" 

Sun's apogee, 2' 17 17' 23" 

Mood's apogee, 2» 21 ° 56' 9" 

Moon's node, i» 12° 48' 10" 

The Hindu calculator has taken, in the case of the moon's apsis 
and node, the numbers of revolutions given by the text, omitting the 
correction of the bija. We have not, in order to test the accuracy of 
his arithmetical operations, worked over again the proportions, except- 
ing in two instances, the first and last : our results differ but slightly 
from those above given (we find the seconds of the sun's place to be 40", 
and the minutes and seconds of the node's motion to be 12' 43") — not 
enough to render any modification necessary. 

III. To ascertain the values of the same quantities at mean sunrise 
on the equator, or 6 o'clock. 

In order to this, we must add to each planet's longitude one fourth 
the amount of its mean motion in a day. We require, then, the mean 
daily motions. They are found as follows, taking the sun as an example : 
1,577,917,8281! : 4,320,ooorev : : id : 59' 8" 10'" io"",4 

We omit the other proportions and their results, as the latter have been 
fully stated in the table of mean motions of the planets (note to i. 29-34). 
Adding a quarter of the daily motion, we have as follows : 

Long, at midnight. Correction. Long, at sunrise. 

Sun, 1" i2° i4' «4" + i4' 47" = i s 12 29' 1" 

Moon, i s 9 44' 29" + 3° 17' 39" == i> i3° 2' 8" 

Sun's apogee, 2» 17 17' 23" -f o == 2* 17 17' 23" 

Moon's apogee, 2» 21 ° 56' 9" + i'4o" = 2»2i°57'49" 

Moon's node, n 12 48' 10" — 48" = 1" 12 47' 22" 
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IV. To ascertain the values of the same quantities at mean sunrise 
upon the equator, on the meridian of the given place. 

Adopting 75° 50' as the longitude of the Hindu meridian east from 
Greenwich, we have, as the interval in longitude of Williams' College 
from it, 149° 2' 30", which is equal to 24" 50" 2P. The latitude is 
42° 42' 51". We have, then, first, to determine the distance of the 
place in question, upon its own parallel of latitude, from the Hindu 
meridian. 

The equatorial circumference of the earth has been found above (note 
to i. 59-60) to be 5059.64 yojanas. Its circumference upon the paral- 
lel of latitude of Williams' College is found (i. 60) by the following 
proportion : 

3438' (=E): a5a5' (= cos 42° 4a' 5i") : : 5o59y.64: 3 7 i5y.9 7 

The def&ntara, or difference of longitude in yojanas, is then deterv 
mined thus : 

6on : 24" 5ov 2P : : 37i5y.97 : i538y.4i 

And the dega.ntarapha.la, or correction for difference of longitude, is 
calculated from the daily motion of each body, by such a proportion as. 
the one subjoined, which gives the sun's correction : 
37i5y.97 : i538y.4i :: 59' 8" : 24' 27" 

We omit the other proportions, and merely present their results in 
the following table : 

Sunrise at Lanka. 

Sun, is 12 29' i" 

Moon, is 1 3° 2' 8" 

Sun's apogee, 2s 17 17' 23" 

Moon's apogee, 2s 21 ° 57' 49" 

Moon's node, is 12 47' 22" 

We have already (note to i. 63-65) called attention to the excessively 
awkward and cumbrous character of this process for making the correc- 
tion for difference of meridian. 

V. To find the sun's true longitude. 

From the longitude of the sun's apsis, 2s 17 17' 23" 

deduct sun's mean longitude (ii, 29), is 12 53' 28" 

Sun's mean anomaly, i B 4° 23' 55" 

Sine, 1927' 

The diminution of the sun's epicycle is now found by the following pro- 
portion (ii. 38) : 

3438': 20':: 1927': 11' 12" 

The dimensions of the epicycle are, then (ii. 34), 14° — 11' 12", or 
13° 48' 48". Next, the proportion (ii. 39) 

36o° : 1 3° 48' 48" : : 1927': 7 4' 11" 

gives us the sun's equation of the centre, which, by ii. 45, is additive. 
Hence to the 

Sun's mean longitude, is 12 53' 28" 

add the equation, i° i4' 11" 
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This calculation exhibits a rather serious error : the sine of 34° 24', 
the anomaly, is 1942', not 1927'. The final result, however, is not per- 
ceptibly modified by it : the equation ought to be 1° 14' 30", and the 
true longitude I s 14° 7' 58". 

VI. To find the moon's true longitude. 

From the longitude of the moon's apsis, 2s 22 o' 34" 

deduct moon's mean longitude, is 18 29' 20" 

Moon's mean anomaly, 

Sine, 

Diminution of epicycle, 

Dimensions of epicycle, 

Equation of the centre, 

Hence, to the 

Moon's mean longitude, 

add the equation, 
Moon's true longitude, 

VII. To calculate the true daily motions of the sun and moon. 

The equations of motion for the sun and moon have been found by 
the calculator of the eclipse by the following proportion : as the whole 
orbit of either planet is to its epicycle, so is its mean daily motion to 
the required equation. That is to say, for the sun, 
36o° : i3° 48' 48" : : 59' 8" : 2' 16" 
which, by ii. 49, is subtractive. Hence the sun's true motion is 59' 8" 
— 2' 16", or 56' 52". 
Again, for the moon, 

36o° : 3i° 48' 58" : : 790' 35" : 69' 36" 

And the moon's true motion is 790' 35"- 69' 36", or 720' 59". 

These calculations are exceedingly incomplete and erroneous, as may 
readily be seen by referring to the corresponding process in the other 
eclipse, or to that given as an illustration in the note to ii. 47-49. The 
actual value of the sun's equation of motion, as fully calculated by the 
method of our treatise, is only 1' 51" ; that of the moon is only 58' 49" : 
whence the true motions are 57' 17" and 731' 46" respectively. These 
are elements of so much importance, and they enter so variously into 
the after operations, that we have hesitated as to whether it would not 
be better to cancel the whole work of the Hindu calculator from this 
point onward, and to perform it anew in a more exact manner ; but we 
have finally concluded to present the whole as it is, as a specimen — 
although, we hope, not a favorable one — of native work ; pointing out, 
at the same time, its deficiences, and cautioning against its results being 
accepted as the best that the system is capable of affording. 

We have thus far found the true longitudes of the sun and moon for 
the moment of mean sunrise at the equator, upon the meridian of the 
given place. We desire now farther to find the same data for the mo- 
ment of sunrise upon the same meridian in latitude 42° 42' 51" N. 

VIII. To find the longitudes of the sun and moon at sunrise in long. 
149° 2' 30", lat. 42° 42' 51" N. 
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1. To calculate the precession of the equinoxes (iii. 9-12). 
The proportion 

1,577,917,82s 11 : 6oore» : : 714404106,527 : 27i,65orev 8s 7 45' 22" 
gives us the amount of the motion of the equinox in its own circle of 
libratory revolution, since the beginning of things. Rejecting complete 
revolutions, and deducting 6 s from the fraction of a revolution, we have 
the distance of the equinox from the origin of the sidereal sphere, in 
terms of its own revolution, as 67° 45' 22" : three tenths of this, or 
20" 19' 36", is the amount of the precession. 

2. To calculate the sun's declination. 

Sun's longitude, n i4° 7' 39" 

Precession, 20 19' 36" 

Sun's distance from vernal equinox, 2« 4° 27' i5" 

Sine, 3ioi' 

Then, by ii. 28, 

3438': 1397' : : 3ioi' : 1260'= sin 21 3i' 3" 
the sun's declination is therefore 21° 31' 3". 

3. To calculate the sun's ascensional difference. 

The radius of the sun's diurnal circle (dyujyd — ii. 60) is 3199'. 
The equinoctial shadow in the given latitude is ll^.O?, being found 
by the proportion (iii. 17) 

cos lat. : sin lat. : : gnom. : eq. shad, 
or 2525' : 233o' : : i2<J : nd.07 

Again, to find the earth-sine (kujya — ii. 61), 

1 2d : nd.07 : : 1260': 1162' 
And, to find the sine of ascensional difference, 

3199': 3438':: 1162': 1249' 

The corresponding arc is 21° 19', or 1279' ; and since a minute of 
arc is equivalent to a respiration of time, the sun's ascensional difference 
in time is 1279?, or 213", or 3" 33 v , rejecting the odd respiration. 

4. To calculate the length of the sun's day. 

The sun being in the third sign, of which the equivalent in right as- 
cension (iii. 42-45) is 1935P, the excess of his day over60nadls is found 
by the proportion 

1800' : iq35p : : 59' 8" : 63P 

whence the length of his day is 21,663p. 

In this calculation of the length of the sun r s day, the operator has ta- 
ken the mean, instead of the true, motion of the sun, which is obviously 
less accurate, and which is contrary to the meaning of the rule of the 
text (ii. 59), as explained by the commentator. 

Now, in order to find the difference between the sun's longitude at 
sunrise on the equator and sunrise on the given parallel of north latitude, 
we mate a proportion, as follows : if in. his whole day the sun moves 
an amount equal to his daily motion, how much will he move during an 
interval corresponding to his ascensional difference ? or 
2i,663p: 59' 8" :: 1279P: 3 J 29" 
vol. vi. 58 
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The sun's declination being north, sunrise on the given parallel pre- 
cedes sunrise on the equator, and hence this result — which is called the 
carakal&s, " minutes (kal&) of longitude corresponding to the ascensional 
difference (caret)" — is to be subtracted from the sun's longitude as for- 
merly found. That is to say, 

Sun's longitude at equatorial sunrise, i 8 i4° l' ?><)" 

deduct the correction (carakalda), 3' 29" 

Sun's longitude at sunrise, lat. 42 42' 5i" N., ) s , a ,, ,, 

long. 149 2' 3o" W. from Lanka, ) ' ii 

In finding the corresponding value of the moon's longitude we apply 
first a correction for the sun's equation of place ; it is, in fact, the equa- 
tion of time, calculated after the entirely insufficient method which we 
have already fully exposed, in connection with part V of the preceding 
process. The proportion is (ii. 46) as follows : 

21,600': 790' 35":: i° i4' n": 2' 43" 

Here, again, bad is made worse by taking as the second term of the 
proportion the moon's mean, instead of her true, rate of motion. It is 
to be noticed that a like correction should have been applied also to the 
sun's longitude, but was omitted by the calculator. We have, then, 

Moon's longitude, mean equatorial sunrise, I s 21 16' 20" 

add the correction for the equation of time, 2' 43" 

Moon's longitude, true equatorial sunrise, i 8 21 19' 3" 

Now we apply farther the correction for the sun's ascensional differ- 
ence (carasanskara) ; it is calculated in the same manner with that of 
the sun, and its amount is found to be 41' 51". 

Moon's longitude, true equatorial sunrise, i 8 21' 19' 3" 

deduct the correction for the sun's asc. diff., 47' 5i" 

Moon's longitude at sunrise, lat. 42 42' 5i" If., ) ,, , „ 

long. 149 2' 3o" W. from Lanka, J 

On comparing the longitudes of the sun and moon, as thus deter- 
mined, if is seen that the time of conjunction is already past Hence 
the calculation is carried a day backward, by subtracting from the lon- 
gitude of each body its motion during a day. That is to say, 

Longitude, dav's motion . Lon « ttnde > ,. 

sunrise following eclipse. a > lu ""»"- sunrise preceding eclipse. 

Sun, i 8 1 4° 4' 10" - 56' 52" = i 8 1 3° 7' 18" 

Moon, i 8 20 3i' 12" - 12 o' 59" = i 8 8° 3o' i3" 

Moon's node, i 8 12 46' 3" + 3' 11" = i 8 12 49' i4" 

This is an entirely uncalled-for, and a highly inaccurate proceeding. 
By the rule given in our text (ii. 66), it is just as easy and regular a 
process to find from any given time the interval to the beginning of the 
current lunar day by reckoning backward, as that to the end of the day 
by reckoning forward. And to assume that the whole calculation may 
be transferred from one sunrise back to the preceding by simply deduct- 
ing the amount of motion in a day as determined for the former time is 
to take a most unwarrantable liberty, and to ignore the change during 
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the interval of many of the elements of the calculation, as the sun's and 
moon's rates of motion, the sun's declination and ascensional difference, 
etc. In making the transfer, moreover, the longitude of the moon's 
node has been taken as found for mean equatorial sunrise, -without any 
correction for the equation of time, or for the sun's ascensional difference. 
IX. To find the time of true conjunction, and the longitudes of the 
sun, moon, and moon's node at that time. By ii. 66, from the 

Moon's true longitude, i» 8° 3o' i3" 

deduct the Bun's do., I s i3° 7' 18" 

remains 11 s 25° 22' 55" 

divide by the portion of a lunar day, 720' 



the quotient is 291! and 442' 55" 

deduct the remainder from a whole portion, 720' 

remains 277' 5" 

This process shows us that the moon has still 277' 5" to gain upon 

the sun, in order to arrive at the end of the thirtieth or last day of the 
lunar month, or at conjunction with the sun. 
Next, from the 

Moon's true daily motion, 720' 59" 

deduct the sun's do., 56' 52" 

Moon's daily gain in longitude, 664' 7" 

Hence the proportion 

664' 7" : 6on : : 277' 5" : 25» 2 V 
gives us the time of conjunction, reckoned from sunrise, as 25 n 2 V . 

Now, by iv. 8, we proceed to find the longitudes for that time. The 
amounts of motion during 25 n 2 V are found by the following proportions : 



r 56' 52" : 23' 43" 
60" : 25" 2V : : J 720' 59" : 3oo' 48" 
( 3' 11": 1' 19" 



Then, to the 

Sun's longitude at sunrise, 
add the correction, 

Sun's longitude at conjunction, 

Moon's longitude at sunrise, 
add the correction, 

Moon's longitude at conjunction, 

Node's longitude at sunrise, 
deduct the correction, 

Node's longitude at conjunction, 



I» 


l3° 


7' 


18" 






23' 


43" 


I* 


i3° 


3i' 


1" 


I» 


8° 


3o' 


i3" 




5° 


0' 


48" 


is 


i3° 


3i' 


1" 


I" 


12° 


4 9 > 


14" 






1' 


19" 


13 


12° 


47' 


55" 



The mode of proceeding adopted by us above, in the lunar eclipse, 
for finding the time of the middle of the eclipse, and the longitudes of 
the sun and moon at that time, is, as will not fail to be observed, quite 
different from that of the native calculator of this eclipse. That fol- 
lowed by Davis, or his native assistants (As. Res., ii. 273 etc.), varies 
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considerably from both. Our own method, though varying in some 
respects from that contemplated by the text, is a not less legitimate ap- 
plication of its general methods than either of the others, and it pos- 
sesses this important advantage over both, that we were able to verify 
it, and to show, by calculating the mean and true places for the given 
instant, that the latter was actually the one at which the system made 
the opposition of the sun and moon to take place : while, on the con- 
trary, in the process now in hand, so many errors have been involved, 
that, were the same test to be applied, we should find the centres of the 
sun and moon many minutes apart at the moment fixed upon as that of 
conjunction, and the place of conjunction as far removed from the point 
of longitude above determined for it. 

X. To find the apparent diameters of the sun and moon. 

These quantities are determined by means of the following propor- 
tion : as the mean daily motion in yojanas is to the mean diameter in 
yojanas, so is the true motion in minutes to the true diameter in min- 
utes. That is to say, for the sun and moon respectively, 

u,858iy:65ooy:: 56' 5a": 3i' io" 

n,858|y : 48oy : : 720' 59" : 29' 2" 

This method is in appearance quite different from that which is pre- 
scribed by our text (iv. 2-3), but it is in fact only a simplification, or 
reduction, of the rules there given. Thus, for the moon, the text gives 

m.mot. in minutes: true mot. in min.: :m. diam. inyoj.: true diam. jn min. X 15 

Transposing, now, the middle terms, transferring the factor 15 from the 
fourth term to the first, and noting that the mean motion in minutes, 
when multiplied by 15, gives the value of the same in yojanas, we have 
the former proportion, namely, 

m. mot. in yoj. : m. diam. in yoj. : : true mot. in min. : true diam. in min. 

Again, in the case of the sun, the rules of the text give 

m. mot. in min. : true mot. in min : : m. diam. in yoj. : true diam. in yoj. 
and true diam. in yoj.= true diam. in min.XlBX (sun's orbit —■ moon's orbit) 

Now transposing the second and third terms of the proportion, sub- 
stituting for the fourth its equivalent as here stated, and transferring to 
the first term the last two factors of that equivalent, we have 

sun's orbit , , .... ,. . . 

m mot. in min.XISX . r-r- ■ m. d. in y. : : true mot. in mm. : true diam. in min. 

moon s orbit 

But the first term, as thus constructed, is, by the method of determina- 
tion of the planetary orbits (see xii. 81-83), equal to the sun's mean 
daily motion upon his orbit reckoned in yojanas : hence the proportion 
becomes for the sun, as for the moon, 

m. mot. in yoj. : m. diam. in yoj. : : true mot. in min. : true diam. in min. 

XI. To calculate the parallax in longitude (lambana), and the time 
of apparent conjunction (v. 3-9). 

1. To find the orient ecliptic-point (lagna) at the moment of true 
conjunction (iii. 46-48). 

In order to this, we require to have first the equivalents in oblique as- 
cension (uday&savas) of the several signs of the zodiac for the latitude 



1st sign 




and " 





3rd. « 


287" or 1722P 


4th " 


359V or 2i54P 


5th " 


387V or 2322P 


6th " 


388v or 2328P 
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of Williams' College, 42° 42' 51" N. "We present annexed their values 
as employed by the calculator of the eclipse, and also as calculated by 
ourselves according to the method taught in our text (iii. 42-45). It 
will be noticed that the differences are not inconsiderable, and evince 
much carelessness on the part of the native astronomer ; who, moreover, 
employs vinadis only in his processes, rejecting the odd respirations, 
which is an inaccuracy not countenanced by the Surya-Siddhanta. 

Equivalent in oblique ascension : 
ace. to calculator. ace to us. 

1008P 12th sign 

I238p nth " 

1699P 10th " 

2171 p 9th " 

2352P 8th " 

2332P 7th " 

The equivalents assigned by the Hindu calculator to the 3rd and 4th 
signs are moreover, it may be remarked, inconsistent with one another, 
since the one ought to fall short of 1935P by as much as the other ex- 
ceeds that quantity. 

Now, then, to the 

Sun's longitude at conjunction, i« i3° 3i' 1" 

add the precession, 20 19' 36" 

Sun's distance from the equinox, 2» 3° 5o' 37" 

It appears, accordingly, that the sun is in the 3rd sign, and 26° 9' 23" 
from the beginning of the fourth. Hence the proportion (iii. 46) 
3o° : 287V : : 26 9' 23" : 25o v 

give us 250 T as the ascensional equivalent of the part of a sign to be 
traversed (bhogy&savas). The time of the day, or the sun's distance in 
time from the eastern horizon, is 25" 2 V , or 1502 v . Then, from the 

Time of conjunction, 1 5oa T 

deduct asc. equiv. of part of 3rd sign, 25ov 

remains 1252V 

deduct asc. equiv. of 4th, 5th, and 6th signs, u34v 

remains n8v 

This remainder of time, or of ascension, is reduced to its value in arc 
of the ecliptic by the proportion (iii. 49) 

388v : 3o°::ii8v:9 7' 25" 

Add this result to the whole signs preceding, and the longitude of the 
orient ecliptic-point (lagna) is found to be 6" 9° 7' 25": its sine is 544' 
(more correctly, 545'). 

2. To find the orient-sine (udayajyd — v. 3). 
This is found by the proportion 

2525': 1397':: 544': 3oi' 
2525' being the cosine of the latitude, and 1397'the sine of the inclina- 
tion of the ecliptic (ii. 28). 

3. To find the meridian ecliptic-point {madhyalagna — iii. 49). 
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In order to this, we must first know the sun's hour-angle (nata), or 
distance in time from the meridian ; it is determined as follows : 

A quarter of the complete day, i5n ov 

add the sun's ascensional difference, 3» 33' 

The sun's half-day, i8n 33» 

deduct from time of conjunction, i5 n w 

Sun's hour-angle, west, 6n 29V 

The sun's distance from the beginning of the fourth sign was found 
above to be 26° 9' 23". Its equivalent in right ascension (lankodayA- 
savas) is found by the following proportion (iii. 49) : 

3o° : 323v : : 26 9' 23" : 285" 
Now, from the 

Sun's hour-angle, 6 n 29V, or 389V 

deduct the result of the last proportion, 285" 

remains io4v 

and this remainder, being less than the equivalent of a sign, is reduced 
to its value as longitude by the proportion (iii. 48) 
323v : 3o° : : io4v : 9 3' 57" 

The longitude of the meridian ecliptic-point is accordingly 3" 9° 3' 51" : 
its sine is 3393'. 

In criticism of the process as thus conducted, we would only remark 
that the quarter of the sun's day should have been called 15" 2 T 4p (see 
above, VIII. 4), and that to take 323 v as the equivalent in right ascen- 
sion of the third and fourth signs is inaccurate, the value given it by 
our treatise being 1935P, or 322-|- T . 

4. To find the meridian-sine {madhyajy& — v. 4-5). 

First, the declination of the meridian ecliptic-point is determined by 
the proportion (ii. 28) 

3438' : i3 97 ' : : 3393' : 1378'= sin 23° 39' 3 7 " 

Its value being north, it is deducted from the latitude of the place for 
which the calculation is made, since this, though by us reckoned as 
north, is to the Hindu apprehension (iii. 14) always south, being meas- 
ured south from the zenith to the equator. That is to say, 

From the given latitude, 42° 4a' 5 1 " 

deduct ded. of merid. ecliptic-point, 23° 39' 37" 

Meridian zenith-distance (natdngds), 19 3' i4" 

The sine of this arc, which is 1117', is the meridian-sine. 

Here is another blunder of the calculator : the sine of 19° 3' 14" is 
actually 1122'. 

5. To find the sine of ecliptic zenith-distance {drkkshepa), and the 
sine of ecliptic-altitude (drggati). 

First, by v. 5, 

3438':3oi':: ni7':97'48" 
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Now, then, by v. 6, 

Square of last result, 9,564' 

deduct from square of mer.-sine, 1,247,689' 

remains 1,238,125' 

Square-root, iii3' 

This, then, is the sine of ecliptic zenith-distance. The sine of eclip- 
tic-altitude is found by subtracting its square from that of radius, and 
taking the square-root of the remainder; it is found to be 3253'. 

6. To find the divisor (cheda), and the sun's parallax in longitude 
(lamband). 

The sine of one sign, or 30°, is l^lD'. 

Square of sin 30°, 2,954,961 

divide by 3,253 

Divisor (cheda), 908 

Next, to find the interval on the ecliptic between the sun's place and 
the meridian : 

Longitude of meridian ecliptic-point, 3» 9 3' 57" 

do. of sun, 2» 3° 5o' 37" 

Interval in longitude, i« 5° i3' 20" 

Of this the sine is 1950', and, upon dividing it by 908, the divisor 
{cheda) above found, the value of the parallax in longitude (lambana) is 
ascertained to be 2 n 21 T . 

Here is some of the worst blundering which we have yet met with. 
The sine of 35° 13' is actually 1982', not 1950'; and upon dividing it 
by 908, we find the quotient to be only 2 n 11 T . 

The calculator assumes the time of apparent conjunction to be deter- 
mined by this single correction. As the text, however (v. 9), directs 
that the process be repeated, to insure a higher degree of accuracy, we 
shall finally quit at this point the guidance of his computations, and go 
on to apply in full the rules of the Surya-Siddhanta. 

The sun being west of the meridian, or his longitude being less than 
that of the meridian ecliptic-point (v. 9), the correction for parallax is 
additive to the time of true conjunction. Hence, to the 

Time of true conjunction, 25n 2» 

add the correction, 2n nv 

Time of conjunction once equated, 27" i3" 

For the time thus found, we now proceed to calculate again the value 
of the parallax. The results of the calculation are briefly presented 
below : 

Sun's longitude at corrected time of conjunction, 2' 3°52'4i" 

Orient ecliptic-point (lagna), 6s 18 5o' 
Its sine, rilo' 

Orient-sine [udayajyA), 6i4' 

Sun's hour-angle, 3io3p 
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Meridian ecliptic-point {madhyalagna), 


3« 5i° 5 9 ' 


Its sine, 


3i88' 


Its declination , 


22° c/K. 


Its zenith-distance, 


2o° 34' S. 


Meridian-sine (madhyajyd), 


1207' 


Sine of ecliptic zenith-distance (dfkkthepa), 


1 188' 


Sine of ecliptic-altitude (drggati), 


3226' 


Divisor (cheda). 


916' 


Sine of sun's dist. in long, from meridian, 


2558' 


Parallax in longitude (larnbana), 


2>»48» 


add to time of true conjunction, 


2 5n 2 t 



Time of conjunction twice equated, 270 5ov 

Once more, we repeat the same calculation ; its principal results are 
as follows : 

Orient ecliptic-point, 6" 21 Ax' 

Orient-sine, 702' 

Meridian ecliptic-point, 3» 25° 26' 

Meridian-sine, 1241' 

Sine of ecliptic zenith-distance, 1 2i5' 

Sine of ecliptic-altitude, 3216' 

Divisor, 919' 

Parallax in longitude, 211 55v 

add to time of true conjunction, 25" 2* 

Time of apparent conjunction, 271 57 v 

A farther repetition of the process would still yield an appreciable 
correction, but as so many errors have been involved in the preceding 
parts of the calculation as to render any exactness of result unattaina- 
ble, and as enough has been done to illustrate the method of correction 
by successive approximation and the comparative value of the results it 
yields, we stop here, and rest content with the last time obtained, as that 
of the apparent conjunction of the sun and moon, or of the middle of 
the eclipse, at Williams' College. 

XII. To calculate the parallax in latitude (nati) for the middle of the 
eclipse. 

This is given us by the proportion (v. 10) 

3438' : 7 3i' 2 7 "-f- 15 : : t2i5' : 17' i4" S. 

in which 1215' is the sine of ecliptic zenith-distance, as found in the last 
process. 

XIII. To calculate the moon's latitude, and her apparent latitude, 
for the middle of the eclipse. 

We require first to find the longitude of the moon, and that of her 
node, for the moment of apparent conjunction, by adding to their lon- 
gitudes, as already found (above, IX) for the time of true conjunction, 
their motion during 2 n 55 T . The amount of motion is found by the pro- 
portions 



6on:2n55v :: i73C5 9 '':35'3 
I 3' 11": o'9 
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Now, then, to the 



Moon's longitude at true conjunction, 
add the correction, 


i« i3°3i' 1" 
35' 3" 


Moon's longitude at apparent conjunction, 


,s j4<> 6 > 4 » 


Farther, from the 




Node's longitude at true conjunction, 
deduct the correction, 


i» 12° 47' 55" 
9" 


Node's longitude at apparent conjunction, 
deduct from moon's longitude, 


i« 12° 47' 46" 
is 140 6' 4" 


Moon's distance from node, 


i° 18' 18" 


Sine, 


78' 


Hence the proportion (ii. 5*7) 




3438' : 270' : : 78' : 6' 8" 
gives us the 




Moon's true latitude, 


6' 8" N. 


deduct from parallax in latitude (v. 12), 


17' i4" S. 


Moon's apparent latitude, 


11' 6"S. 



29' 


2" 


3i' 


10" 


60' 


12" 


3o' 


6" 


11' 


6" 



XIV. To find the amount of obscuration (c/rAsa) at the moment of 
apparent conjunction. 

By iv. 10, we add to the 

Diameter of the eclipsing body, the moon, 
Diameter of the eclipsed body, the sun, 

Sum of diameters, 
Half-sum of diameters, 

deduct moon's apparent latitude, 

Amount of greatest obscuration, 19' o" 

This remainder being less than the sun's diameter, the eclipse (iv. 11) is 
partial only. 

XV. To determine the times of the beginning and end of the eclipse 
respectively. 

As the eclipse is a partial one only, we have not to calculate the times 
of the beginning and end of total obscuration ; and indeed, we may well 
suppose that the Hindus would never venture to calculate those times 
in a solar eclipse : it is even questionable whether the accuracy of their 
methods would justify them in ever predicting with confidence that an 
eclipse would be total. 

In the first place, we assume that the moon's apparent latitude, as cal- 
culated for the moment of conjunction, remains unchanged during the 
whole duration of the eclipse, and calculate, by iv. 12-13, what would 
be, upon that assumption, the interval between the middle of the eclipse 
and either contact or separation of the disks. That is to say (iv. 12), 
from the 

vol. vi. 59 
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Square of sum of semi-diameters (30' 6"), 906' 1" 

deduct square of moon's latitude (11' 6"), 123' i3" 



remains 782' 48" 

Square root of remainder, 27' 59" 

This result represents the distance, as rudely determined, of the two 
centres at the moments of contact and separation. To ascertain the 
corresponding interval of time, we say (iv. 13) 
664' 7" : 6on : : 27' 59" : 211 32* 

Now, then, from and to the 

Time of apparent conjunction, 27" 57" 

subtract and add the half duration, 2" 32" 

Beginning of eclipse, 25a 25» 

End of eclipse, 3on 29V 

This is as far as the operation was carried by the native calculator, 
and with data and results somewhat different from those here given, 
owing to his neglect to repeat the process of determination of the par- 
allax in longitude in finding the time of apparent conjunction. Un- 
fortunately, however, the text (iv. 14-15 ; v. 13-17) prescribes a long 
and tedious series of modifications and corrections of the results so far 
obtained, of which we shall proceed to perform at least enough to illus- 
trate the method of the process, and the comparative importance of the 
corrections which it furnishes. 

We have first to find the longitude of the sun, moon, and node, at 
the moments thus determined as those of contact and separation ; they 
are as follows : 

Sun's long, at true conj. (25n 2v), i» i3° 3i' 1" I^i3° 3i' 1" 

add for his motion 22" 5' 10" 



Sun's long, at beg. and end of eclipse, i' i3° 3i' 23" 

add the precession, 20 19' 36" 

Sun's distance from the vernal equinox, 2s 3° 5o' 59" 

Moon's long, at app. conj. i s i4° 6' 4" 

subtract and add motion in 2« 32v, 3o' 26" 



Moon's long, at beg. and end of eclipse, is i3° 35' 38" 

Mode's long, at app. conj., is 12 47' 46" 

add and subtract 8" 



is 


i3° 


36' 


11" 




20° 


19' 


36" 


2S 


3° 


55' 


4?" 


is 


i4° 


6' 


4" 






3o' 


26" 


is 


i4° 


36' 


3o" 


is 


12° 


47' 


46" 

8" 



Node's long, at beg. and end of eclipse, is 12 47' 54" is 12 47' 38" 

To find, then, the moon's true latitude at contact and separation, we 
have 

Moon's distance from node, 47' 44" i° 48' 52" 

Sine, 48' 109' 

Moon's latitude, 3' 46" N. 8' 34" N. 

Next are calculated the moon's parallax in latitude, and her apparent 
latitude, at the beginning and end of the eclipse, by a process of which 
the main results are the following : 
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Orient ecliptic-point, 
Sine, 

Orient-sine, 
Sun's hour-angle, 
Meridian ecliptic-point, 
Sine of do., 
Zenith-distance of do., 
Meridian-sine, 

Sine of ecliptic zenith-distance, 
Parallax in latitude, 
deduct true latitude, 

Moon's apparent lat. at beg. and end of eclipse, 1 2' i4" S. 10' 55" S. 

Finally, from the 

Square of sum of semi-diameters, 906' 1" 906' 1" 

deduct squares of app. latitude, i5o' 39" 119' n" 



6s io° 28' 






7 s 3° 59' 


6 2 5' 






1921' 


345' 






io63' 


2455P 






4279P 


3s n° 54' 






4s n° 7' 


3363' 






2590' 


19° t6' 






24 53' 


1 1 34' 






1 445' 


1 1 28' 






i3 7 4' 


16' 


0" 


S. 


19' 29" S. 


3' , 


46" 


N. 


8' 34" N. 



remain ?55' 22" 786' 5o" 

Distance of centres in longitude, 27' 29" 28' 3" 

Corresponding interval, 211 29V 2>» 32" 

Corrected times of beginning and end of eclipse, 25" 28V 3on 29V 

It is evidently unnecessary to carry any farther this part of the pro- 
cess ; at the time of the eclipse, the increase of the moon's latitude north- 
ward, and the increase of her parallax southward, so nearly balance one 
another, that the additional correction yielded by a new computation 
would be qnite inappreciable — as, indeed, has been, in one of the two 
cases, that already obtained. In making this corrective calculation we 
have not followed with exactness the directions given in the commentary 
under v. 14-17. It is there taught that, after making the first rough 
determination of the half-duration, based upon the moon's apparent lati- 
tude at apparent conjunction, we must turn back to the true conjunction, 
find the positions of the planets and node at intervals of the half-dura- 
tion from that point, and make these positions the data of our farther 
approximative processes. The text itself, as already remarked by us 
in the notes, shows an utter and provoking want of explicitness with 
regard to the whole matter, and may be regarded as favoring equally 
the method of the commentary, our own, or any other that might be 
devised. We have taken our own course, then, because we were 
unable to see any sufficient reason for reverting from apparent to true 
conjunction, as directed by the 'commentator. 

With regard to the next steps, the language of the text is less ambigu- 
ous : it distinctly orders us to deduct from and add to the time of true 
conjunction (tithyanta) the intervals found as the former and latter half- 
duration, and from the moments thus determined to compute anew, by 
a repeated process, the parallax in longitude. This is a very laborious 
operation, and not altogether accurate, although perhaps as much so 
as any which the Hindu methods admit. As we are supposed to have 
already ascertained how far apart the two centres must be at the mo- 
ments of contact and separation, the problem is, evidently, to determine 
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at what moment of time they will, allowing for the parallax in longi- 
tude, be at that distance from one another. Now as formerly, to find the 
time of apparent conjunction, we started from that of true conjunction, 
and arrived at the desired result by a series of approximative calcula- 
tions of the parallax in longitude, so now, starting from points removed 
from true conjunction by the given intervals, we shall ascertain, by a 
similar series of approximations, the times when the distances repre- 
sented by those intervals will be apparent, or the moments to which 
contact and separation of the disks will be deferred by parallax in lon- 
gitude. The results of the calculations, as made by us, are as follows : 

Time of true conjunction, 
subtract and add, 

Times of true contact and separation, 

Sun's longitude, with precession, 

Orient ecliptic-point, 

Orient-sine, 

Meridian ecliptic-point, 

Meridian-sine, 

Sine of ecliptic zenith-distance, 

Sine of ecliptic-altitude, 

Divisor, 

Moon's longitude, 

Distance from meridian ecliptic-point, 

Sine, 

Parallax in longitude, 
Again, we go on to correct these results by repeated calculations of 
the parallax, in the mode which has already been sufficiently illustrated. 
Annexed are the results only : 

Times of contact and separation, 22n 33v 27" 34 T 

add correction for parallax, 1° 27V 2n 5iv 

Times of contact and separation, once equated, 24a or 3on 25v 

Corresponding parallax, m 54 v 3n 20V 

add to times first obtained, 2?.n 33v 2711 34v 

Times of contact and separation, twice equated, 24n 27V 3on 54v 

Corresponding parallax, 2n 2V 3a 24V 

Without taking the trouble to carry the calculations any farther, we 

may accept these as the finally determined values of the parallax in 

longitude at the times of apparent contact and separation. Then, 

byv. 16, 

Parallax in longitude at contact and separation, 2n 2V 3 n 24v 

do. at apparent conjunction, 2n 55v 2n 55v 

Difference of parallaxes, 53" 29V 

add to former and latter mean half-duration, 211 29V 2n 32V 

True former and latter half-duration, 3n 22V 3n iv 

subtract and add from and to time of app. conj., 27"! 57V 2711 57V 

Times of apparent contact and separation, 24 n 35" 3on 58v 



25° 2V 


25 n 2 V 


2 n 29V 


2n 32V 


22n 33v 


27II 34V 


23 3° 48' 16" 


2s 3° 53' 1" 


5s 27 9' 


6s 20° 27' 


95' 


664' 


23 25° 52' 


3s 2 3° 56' 


1 107' 


1226' 


1I06' 


1203' 


3255' 


3219' 


908 


918 


2S 3o 21' 


23 4° 21' 


22° 3l' 


is 19 35' 


i3i6' 


2617' 


in 27V 


an 5iv 
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The calculation of the elements of the eclipse is thus completed. 
For the purpose, however, of illustrating the rules of the text (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura- 
tion at any given moment during the continuance of the eclipse, we add 
also the following process : 

XVI. To find the amount of obscuration of the sun, 2 n 38 v after 
first contact. 

We make choice of this time, which is equivalent to 27" 13 v after sun- 
rise, because the data for finding the parallax in latitude at the moment 
have already been calculated (see above, XI). By iv. 18, from the 
True former half-duration (spJiuta sparpasthityardha), 3 a 22V 

deduct the given interval, a" 38v 

Interval to apparent conjunction (madhyagrahana), 44 y 

To reduce this interval in time to distance in longitude of the centres, 
we say (iv. 18) 

6on : 664' 7" ::44": 8' 7" 

This, then, would be the interval in longitude between the two centres 
at the given moment, if there were no change of the moon's parallax 
in longitude during the eclipse, or if the moon actually gained in 
2 n 29 v , instead of in 3 n 22 T , the distance intervening between her centre 
and the sun's at the moment of first contact. That, however, being 
not the case, we must reduce the result thus found in the ratio of 
3 n 22 v to 2 n 29 v , or of the true to the mean half-duration. That is to 
say (iv. 19), 

3n 32V : 2 n 29V : : 8' 7" : 5' 59" 

and this result, 5' 59", is the true distance of the two centres in longi- 
tude, 27 n 13 T after sunrise. 

A briefer and more obvious method of obtaining the quantity in 
question would have been to make a proportion as follows : if, at the 
time of the eclipse, the moon gains upon the sun 27' 29" in 3 n 22 v , 
what will she gain during 44 v ? or 

3» 22V : 27' 29" : : 44 v ■ 5' 5</' 

Upon computation, we find the 

Moon's parallax in latitude, 27" 1S V after eunrise, 
Moon's true latitude, 

Moon's apparent latitude, 

Its square, 

Square of distance in longitude (5' 89"), 

Their sum (iv. 20), 
Actual distance of centres, 

deduct from sum of semi-diameters, 

Amount of obscuration at given time, 17' 12' 

If it were desired to project the eclipse, we should now have to cal- 
culate (by iv. 24-25) the deflection (valana) for the moments of contact^ 
conjunction, and separation, and likewise (by iv. 26) the scale of projec- 
tion. As we do not, however, intend to present here a projection, and as 
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the subject of the deflection has been sufficiently illustrated already, in 
the notes upon the text and in the calculation of the lunar eclipse, we re- 
gard it as unnecessary to go through with the labor required for making 
the computations in question. Finally, we annex, as in the case of the 
lunar eclipse formerly calculated, a summary comparison of the princi- 
pal results of the Hindu processes with the elements of the eclipse in 
question as determined by Prof. Coffin, in his work referred to above. 
It must be borne in mind, however, that, owing to the faulty manner in 
which many of the computations of the native astronomer have been 
made, the comparison is not entirely trustworthy ; a more careful adhe- 
rence to the methods of the Siddhanta would have given somewhat 
different results : in the case of the daily motions of the sun and moon, 
the true calculations, as performed by us (see p. 452), give more correct 
values ; in other instances, the contrary might perhaps have been the 
case. 



Surya-Siddhanta. 


Prof. Coffin. 


Hindu error. 


Time of true conjunction in longitude, 


2h 3om 


3h 56m 


— jh 26 m 


Sun's and moon's longitude, 


63° 5o' 37" 


65° 12' 3 7 " 


— i° 22' 


Moon's distance from node, 


43' 6" 


4° 12' 22" 


- 3° 29' 16" 


Sun's daily motion in longitude, 


56' 5a" 


57' 45" 


53" 


Moon's do. do. 


12° 0' 59" 


12° 7' 12" 


6' i3" 


Sun's apparent diameter, 


3i' to" 


3i'3 7 " 


27" 


Moon's do. do. 


29' 2" 


29' 45" 


- 43" 


Time of apparent conjunction, 


3h 4om 


51' 32m 


— ih 52m 


Parallax in longitude, in time, 


in 10m 


in 36m 


— 26m 


Amount of greatest obscuration, 


J 9' 


3o' 59" 


- II' 59" 


Time of first contact, 


2h 20m 


411 1 5m 


— ih 55m 


Time of separation, 


4 h 5o» 


6h 38m 


— ih 48m 


Duration of eclipse, 


2h 3om 


2b 23m 


+ 7 m 



26. pp. 327-344. Prof. Weber, of Berlin, has favored us in a pri- 
vate communication with a number of additional synonyms of the names 
of the asterisms, derived from the literature of the Brahmana period. 

Mrgaciras, the fifth of the series, is also styled andhaka, " the blind," 
apparently from its dimness ; Aryika, " honorable, worthy;" invakd, of 
doubtful meaning : this latter epithet is also found in some manuscripts 
of the Amarakoca, as various reading for ilvalA, which is there ex- 
pressly declared (I. i. 2. 25) to designate the stars in the head of the 
antelope. 

Ardra, the sixth asterism, is called bahu, " arm." Taking this name 
in connection with that of the preceding group, it seems probable that 
the Hindus figured to themselves the conspicuous constellation Orion 
as a running antelope, of which a, y, (9, and x mark the feet : «, then, is 
the left fore-foot, or arm. Perhaps the name Mrgavyadha, " antelope- 
hunter," given to the neighboring Sirius (viii. 10), is connected with the 
same fancy. 

The Maghas are called in a hymn of the last book of the Rig-Veda 
(x. 85. 13) aghas: the word means literally "evil, base, sinful," and its 
application to one of the asterisms is so strange that, if not found else- 
where, we should be inclined to conjecture a corrupted reading. 
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Phalgunl, or the Phalgunls, forming the eleventh and twelfth groups, 
are styled also arjuni, "bright, shining." 

Cravana, the twenty-third asterism, receives the name apvattha, which 
is properly that of a tree, the Ficus religiosa ; the reason of the appella- 
tion is altogether obscure. 

Bhadrapada, the last double asterism, is called pratishthana, " stand, 
support," in evident allusion to the disposition of the four bright stars 
which compose it, like the four feet of a stand, table, bedstead, or the like. 

27. p. 344. We offer herewith the stellar chart to which reference 
was made in the note on p. -349, and which is intended to illustrate the 
positions and mutual relations of the Hindu nakshatras, the Arab 
man&zil al-kamar, and the Chinese sieu. We add a brief explanation 
of the manner in which it has been constructed, and the form in which 
it is presented. 

The form of the map is that of a plane projection, having the ecliptic 
as its central line. It would have better illustrated the Hindu method 
of defining the positions of the junction-stars, and the errors of the po- 
sitions as defined by them, if the equator of A. D. 560, instead of the 
ecliptic, had been made the central line of the projection. This, how- 
ever, would have involved the necessity of calculating the right ascen- 
sion and declination of every star laid down, a labor which we were not 
willing to undertake. Moreover, the ecliptic is, in fact, the proper cen- 
tral line along which the groups of the Hindu and Arab systems, at 
least, are arranged, and the form given to the chart also facilitates the 
laying down of the equator of B. C. 2350, which we desired to add, for 
the purpose of enabling our readers to judge in a more enlightened 
manner of the plausibility of M. Biot's views respecting the origin of 
the Chinese system : it is drawn with a broken line, while the equate? 
of A. D. 560 is also represented, by an entire line. As the zone of the 
heavens represented is, in the main, that bordering the ecliptic, the dis- 
tances and the configuration of the stars are altered and distorted by 
the plane projection to only avery slight degree, not enough to be of any 
account in a merely illustrative chart, such as this is. As a general rule, 
we have laid down all the stars of the first four magnitudes which are 
situated near the ecliptic, or in that part of the heavens through which 
the line of the asterisms passes ; stars of the fourth to fifth magnitude 
are also in many cases added ; smaller ones are noted only when they 
enter into the groups of the several systems, or when there were other 
special reasons for introducing them. The positions are in all cases 
taken from Flamsteed's Catalogue, and the magnitudes are also for the 
most part from the same authority : in many individual cases, however, 
we have followed other authorities. We have endeavored so to mark 
the members of the three different series that these may readily be 
traced across the map ; but, to assure and facilitate the comparison, we 
also place upon the page opposite it a conspectus of the nomenclature, 
constitution, and correspondence of the three systems, referring to 
pages 327-344 for a fuller discussion of these matters, and an exposition 
of what is certain, and what more or less hypothetical, or exposed to 
doubt, with regard to them. 
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Hindu asteriBm. 

1. Acvini. 

P and 7 Arietis. 

2. Bharani. 

35, 39, and 41 Arietis. 

3. Krttika. 

ti Tauri, etc. (Pleiades). 

4. BohinL 

a, i, 7, J, £ Tauri. 

5. Mrgaciras. 

\, <pi, <p2 Orionis. 

6. Ardra. 

a Orionis. 

7. Punarvasu. 

P, a Geminorum. 

8. Pushya. 

J, 5, 7 Cancri. 

9. Aclesha. 

e, S, cr, n, ; Hydra?. 

10. Magha. 

a, n, 7, £, u, t Leonis. 

11. Purva-Phalguni. 

I, J Leonis. 

12. TJttara-Phalguni. 

p, 93 Leonis. 
i3. Hasta. 

I, 7, t, o, p Corvi. 

14. Citrl 

o "Virginis. 

1 5. Svati 

a Bootis. 

16. Vicakha. 

1, 7, p, a Librae. 

17. Anuradha, 

5, p, v Scorpionis. 

18. Jyeshthl 

o, cr, t Scorpionis. 

19. Mula. 

K, u, «, 1, S, n, J, u, £ Scorp. 

20. Purva-Ashadhi. 

J, £ Sagittarii. 

21. Uttara-Ashadha. 

cr, £ Sagittarii. 

22. Abkijit. 

o, £, I Lyrse. 

23. Cravana. 

o, p,7 Aquilae. 

24. Cravishtha. 

P, o, 7, S Delphini. 

25. Catabhishaj. 

K Aquarii etc. 

26. Purva-Bhadrapada. 

o, p Pegasi. 

27. Uttara-Bhadrapada. 

7 Pegasi, a Andromedce. 

28. Bevati. 

£ Piscium, etc. 





Arab manzil. 


Chinese sieu. 


I. 


ash-Sharatan. 


2 7' 


Leu. 




P and 7 Arietis. 




p Arietis. 


2. 


al-Butain. 


28. 


Oei. 




35, 39 and 41 Arietis. 




35 Arietis. 


3. 


ath-Thuraiya. 


I. 


Mao. 




ri Tauri etc. (Pleiades). 




11 Tauri. 


4. 


ad-Dabaran. 


2. 


Pi. 




a, J, 7, S, £ Tauri. 




£ Tauri. 


5. 


al-Hak'ah. 


3. 


Tse. 




*, <pi, <p* Orionis. 




K Orionis. 


6. 


al-Han'ah. 


4. 


Tsan. 




i) (*) v , 7, ? Geminorum. 




6 Orionis. 


7- 


adh-Dhira'. 


5. 


Tsing. 




P, a Geminorum. 




11 Geminorum, 


8. 


an-Nathrah. 


6. 


Kuei. 




7, 5 Cancri, and Praesepe. 




5 Cancri. 


9- 


atTarf. 


7- 


Lieu. 




if Cancri, x Leonis. 




S Hydrae. 


10. 


aj-Jabhah. 


8. 


Sing. 




a, n, 7, ( Leonis. 




a Hydrae. 


n. 


az-Zubrah. 


9- 


Chang. 




5, 3- Leonis. 




i/i Hydrae. 


12. 


as-Sarfah. 


10. 


T. 




P Leonis. 




a Crateris. 


1 3. 


al- Auwa'. 


11. 


Chin. 




P, n, 7, *, £ Virginis. 




7 Corvi. 


i4- 


as-Simak. 


12. 


Kio. 




a Virginis. 




a Virginis. 


i5. 


al-Ghafr. 


i3. 


Kang. 




1, », h Virginis. 




« Virginis. 


16. 


az-Zubanan. 


1 4. 


Ti. 




0, P Librae. 




o 2 Librae. 


17- 


al-Iklil. 


i5. 


Pang. 




p, S, r Scorpionis. 




ir Scorpionis. 


18. 


al-Kalb. 


16. 


Sin. 




Scorpionis. 




a Scorpionis. 


19. 


ash-Shanlah. 


17- 


Hei. 




K, u Scorpionis. 




ti2 Scorpionis. 


20. 


an-Na'aim. 


18. 


Ki. 




72, S, t, n, ip, cr, t, I Sagittarii. 


72 Sagittarii. 


21. 


al-Baldah. 


19. 


Teu. 




N. of ir Sagittarii. 




<p Sagittarii. 


22. 


Sa'd adh-Dhabih. 


20. 


Nieu. 




a, p Capricorni. 




p Capricorni. 


23. 


Sa'd Bula'. 


21. 


Nii. 




£, u, v Aquarii. 




£ Aquarii. 


24. 


Sa'd as-Su'ud. 


22. 


Hffi. 




p, ? Aquarii. 




P Aquarii. 


25. 


Sa'd al-Akhbiyah. 


23. 


Goei. 




0, 7, {, n Aquarii. 




Aquarii. 


26. 


al-Fargh al-Mukdim. 


24. 


Che. 




0, p Pegasi. 




a Pegasi. 


27. 


al-Fargh al-Mukhir. 


25. 


Pi. 




7 Pegasi, a Andromeda;. 




7 Pegasi. 


28. 


Batn al-Hut. 


26. 


Koei. 




p' Andromeda;, etc. 




£ Andromeda;. 



to- 
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28. p. 351. We have perhaps expressed ourselves in a manner liable 
to misconstruction as to the want of reason or authority for giving to 
the asterisms the name of " lunar mansions," " houses of the moon," and 
the like. We would by no means be understood as denying that in the 
Hindu science, especially its older forms, and in the Hindu mythology, 
they are brought into particular and conspicuous relations with the 
moon. Indeed, whether they were originally selected and established with 
reference to the moon's daily progress along the ecliptic, as has been, 
until lately, the universal opinion, or whether we are to believe with M. 
Biot that they had in the first instance nothing to do with the moon, 
and only came by chance to coincide in number with the days of her 
sidereal revolution — it is at any rate altogether probable that to the 
Hindu apprehension this coincidence formed the basis of the system. 
We may even conclude, from the fact that the asterisms are so fre- 
quently spoken of in the early literature of the Brahmana period, 
while nevertheless there is no distinct mention of the planets until later 
(Weber, Ind. Lit., p. 222), that for a long time the Hindus must have 
confined their attention and observations to the sun and moon, paying 
no heed to the lesser planets : and yet we cannot regard it as in any 
degree probable — hardly as possible, even — that any nation or people 
could establish a system of zodiacal asterisms without discovering and 
taking note of the planets ; or that such a system could have been com- 
municated to, and applied by, the Hindus, without a recognition on 
their part of those conspicuous and ever-moving stars. It may fairly be 
claimed, then, that the asterisms, as a Hindu institution, are an origin- 
ally lunar division of the zodiac ; but we object none the less to their 
being styled " lunar mansions," or called by any equivalent name ; be- 
cause, in the first place, the Hindus themselves have given them no name 
denoting a special relation to the moon, and no name signifying "house, 
mansion, station," or anything of the kind ; and because, in the second 
place, as soon and as far as the Hindu astronomy extended itself beyond 
its limitation to observations of the moon, just so far and so soon did 
it employ the system of asterisms as a general method of division of 
the ecliptic ; so that finally, as pointed out by us above, the asterisms 
have come to be divested, in the properly astronomical literature of 
India, of all special connection with the moon. With almost the same 
propriety might we call the Hindu signs "luni-solar mansions" — since 
they are, by origin, the parts of the ecliptic occupied by the sun during 
each successive synodical revolution of the moon — as denominate the 
nakxhatras of the Siddhantas " lunar mansions." 

29. p. 353. We should have mentioned farther, that an additional 
inducement — and one, probably, of no small weight — to the reduction of 
the number of astei isms from twenty-eight to twenty-seven, is to be 
recognized in the fact that the time of the moon's sidereal revolution in 
days, though intermediate between the two numbers, is yet decidedly 
nearer to twenty-seven, exceeding it by less than a third. M. Biot 
might even claim with some reason that the choice of the number 
twenty-eight tended to prove the whole system not a lunar one by 
origin : yet it might be replied that, the time of revolution being dis- 
tinctly more than twenty-seven days, the larger number was fully admis- 

vol. vi. 60 
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sible, and that it was also in some respects preferable, as being one that 
could be halved and quartered. 

30. p. 417. In bringing this work to a close, we deem it advisable 
to present, in. a summary manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text, our conclusions 
as to certain points in the history of the Surya-Siddhanta, and of the 
astronomical science which it /represents. 

In the first place, Bentley's determination of the age of the treatise 
we conceive to be altogether set aside by the considerations which we 
have adduced against it (note to i. 29-34) ; there is no reasonable 
ground for questioning that the Surya-Siddhanta is, as the Hindus have 
long believed it to be, one of the most ancient and original of the works 
which present their modern astronomical science. How far the text of 
which the translation has been given above is identical in substance and 
extent with that of the original Surya-Siddhanta, is another question, 
and one not easy to solve. That it is not precisely the same is evident 
enough. Even the modern manuscripts differ from one another in sin- 
gle readings, in details of arrangement, in added or omitted verses. A 
comparison of the texts adopted and established by the different com- 
mentators would be highly interesting, as carrying the history of the 
treatise a step farther back ; but to us only one commentary is accessi- 
ble, nor do we find anywhere any notices respecting the versions given 
by the others: in the absence of such, we may conclude that all pre- 
sent substantially the same text, and so are alike posterior to the model- 
ling of the work into its present form and with its present contents. 
But the indications of addition and interpolation, which we have had in 
so many cases to point out in our notes, are sometimes too telling to be 
misinterpreted. Farther than this we may not at present go : any de- 
tailed discussion of the subject must remain unsatisfactory, until a fuller 
acquaintance with other of the ancient treatises, and a more careful 
comparison of them with one another, shall throw upon it new light. 
A point of special interest connected with it is, whether the elements of 
mean motions of the planets do actually date from about the time 
pointed out by Bentley's calculations. With regard to this we are far 
from being confident ; but we do not regard it as impossible, or even as 
very improbable, that those elements, as presented by our text, have 
been the same from the beginning, never having undergone correction 
until the application of the bya, about A. D. 1500 (p, 163 etc). And 
the date of that correction is calculated at least to suggest the suspicion 
that Muslim science may have had something to do with it. That 
observation, and the improvement of their system by deductions from 
observation, were ever matters of such serious earnest with the Hindus 
that they should have been led to make such amendments independ- 
ently, is yet to be proved. The most important alteration of which 
anything like direct proof is furnished is that which concerns the pre- 
cession of the equinoxes (note to iii, 9-12) ; and even here we would 
not undertake to say confidently what is the conclusion to be drawn. 
All such inquiries must remain conjectural, mere gropings in the twi- 
light, until the position of the Surya-Siddhanta in the Siddhanta litera- 
t,u.;« shall be better understood. What has given it so much greater 
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period its preeminence dates, is unknown. There 
are treatises, like the Gakalya-Sanhita (add. note 1), which agree with 
it in all essential features ; there are yet others, like the Soma and Va- 
sishtha Siddhantas, which are said (add. note 6) to vary little from it : 
whether anyone among them all is original — and if any, which — 
whether in each case the relation is one of co-ordination or of subordi- 
nation — we must be content for the time to be ignorant. 

One thing, however, is certain : underneath whatever variety may 
characterize the separate treatises, there exists a fundamental unity ; 
their differences are of secondary importance as compared with their 
resemblances ; they all represent essentially a single system. And this 
by no means in the same sense in which all modern astronomical works 
may be said to represent a single system. For the Hindu system is not 
one of nature ; it is not even a peculiar method of viewing and inter- 
preting nature, from which, after it had once been devised by some con- 
trolling intellect, others had not the force and originality to deviate : it 
is a thoroughly artificial structure, full of arbitrary assumptions, of ab- 
surdities even, which have no foundation in nature, and could be in- 
vented by one as well as another. We need only to refer, as instances, 
to the frame-work of monstrous chronological periods (i. 14-23) — to 
the common epoch of the commencement of the Iron Age (note to i. 
29-34), with its exact or nearly exact (add. note 6) conjunction of all 
the planets — to the form of statement of the mean motions, yielding 
recurring conjunctions, at longer or shorter intervals — to the assump- 
tion of a starting-point for the planets from at or near % Piscinm (note 
to i. 27) — to the revolutions of the apsides and nodes of the planets 
(i. 41-44) — to the double system of epicycles (ii. 34-38) — to the deter- 
mination of the planetary orbits (xii. 80-90), etc., etc. These are plain 
indications that the Hindu science emanated from one centre ; that it 
was the elaboration of a period and of a school, if not of a single mas- 
ter, who had power enough to impose his idiosyncracy upon the science 
of a whole nation. The question, then, of the comparative antiquity 
of single treatises is lost in the higher interest of the inquiry — when, 
where, and under what influence originated the system which they all 
agree in representing ? 

What our opinions are upon these points will not be a matter of 
doubt with any one who may have carefully looked through the preced- 
ing pages, although they have nowhere been explicitly stated. We re- 
gard the Hindu science as an offshoot from the Greek, planted not far 
from the commencement of the Christian era, and attaining its fully de- 
veloped form in the course of the fifth and sixth centuries. The grounds 
of this opinion we will proceed briefly to state. 

In considering such a question, it is fair to take first into account the 
general probabilities of the case. And there can be no question that, 
from what we know in other respects of the character and tendencies 
of the Hindu mind, we should not at all look to find the Hindus in pos- 
session of an astronomical science containing so much of truth. They 
have been from the beginning distinguished by a remarkable inaptitude 
and disinclination to observe, to collect facts, to record, to make indue- 
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tive investigations. The old belief under the influence of which Bailly 
could form his strange theories — the belief in the immense antiquity of 
the Indian people, and its immemorial possession of a highly developed 
civilization — the belief that India was the cradle of language, myth- 
ology, arts, sciences, and religions — has long since been proved an error. 
It is now well known that Hindu culture cannot pretend' to a remoter 
origin than 2000 B. C, and that, though marked by striking and emi- 
nent traits of intellect and character, the Hindus have ever been weak 
in positive science; metaphysics and grammar — with, perhaps, algebra 
and arithmetic, to them the mechanical part of mathematical science — 
being the only branches of knowledge in which they have independently 
won honorable distinction. That astronomy would come to constitute 
an exception to the general rule in this respect, there is no antecedent 
ground for supposing. The infrequency of references to the stars in 
the early Sanskrit literature, the late date of the earliest mention of the 
planets, prove that there was no special impulse leading the nation to 
devote itself to studying the movements of the heavenly bodies. All 
evidence goes to show that the Hindus, even after they had derived 
from abroad (p. 348) a systematic division of the ecliptic, limited their 
attention to the two chief luminaries, the sun and moon, and contented 
themselves with establishing a method of maintaining the concordance 
of the solar year with the order of the lunar months. If, then, at a later 
period, we find them in possession of a full astronomy of the solar sys- 
tem, our first impulse is to inquire, whence did they obtain it? A 
closer inspection does not tend to inspire us with confidence in it as of 
Hindu origin. We find it, to be sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to be at 
once recognized as of native Indian growth ; but we find it also to con- 
tain much true science, which could only be derived from a profound 
and long-continued study of nature. The whole system, in short, may 
be divided into two portions, whereof the one contains truth so success- 
fully deduced that only the Greeks, among all other ancient nations, can 
show anything worthy to be compared with it ; the other, the frame- 
work in which that truth is set, composed of arbitrary assumptions and 
absurd imaginings, which betray a close connection with the fictitious 
cosmogonies and geographies of the philosophical and Puranic literature 
of India. The question presses itself, then, strongly upon us, whether 
these two portions can possibly have the same origin : whether the sci- 
entific habit of mind which could lead to the discovery of the one is 
compatible with those traits which would permit its admixture with the 
other. But most especially, could a system founded — as this, if origi- 
nal, must have been — upon sagacious, accurate, and protracted observa- 
tion of the heavenly bodies, so entirely ignore the ground-work upon 
which it rested, and refuse and deny all possibility of future improve- 
ment by like means, as does this Hindu system, in whose text-books 
appears no record of an observation, and no confessed deduction from 
observations ; in which the astronomer is remanded to his text-book as 
the sole and sufficient source of knowledge, nor ever taught or coun- 
selled to study the heavens except for the purpose of determining his 
longitude, his latitude, and the local time ? Surely, we have a right to 
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say that the system, in its form as laid before us, must come from an- 
other people or another generation than that which laid its scientific 
foundation ; that it must be the work of a race which either had never 
known, or had had time to forget, the observing habits and the induc- 
tive methods of those who gave it origin. But the hypothesis that an 
earlier generation in India itself performed the labors of which the later 
system-makers reaped the fruit, is well-nigh excluded by the absence, 
already referred to, of all evidence in the more ancient literature of 
deep astronomical investigation : the other alternative, of derivation 
from a foreign source, remains, if not the only possible, at least the only 
probable one. We come, then, next to consider the direct evidences of 
a Greek origin. 

First in importance among these is the system of epicycles for repre- 
senting the movement, and calculating the positions, of the planets. 
This, the cardinal feature in both systems, is (ii. 34-45) essentially alike 
and the same in both. Now, notwithstanding the fact that such second- 
ary circles do in fact represent, to a certain degree, true quantities in 
nature, there is yet too much that is strange and arbitrary in them to 
leave any probability to the supposition that two nations could have de- 
vised them independently. But there are sufficient grounds for believ- 
ing the Greeks to have actually created their own system, bringing it 
by successive steps of elaboration to the form in which Ptolemy finally 
presents it. In the history of the science among the Greeks, everything 
is clear and open ; they tell us what they owed to the Egyptians, what 
to the Chaldeans : we trace the conceptions which were the germs of 
their scheme of epicycles, the observations on which it was based, the 
inductive and deductive methods by which it was worked out and estab- 
lished. In the Hindu astronomy, on the other hand, all is groundless 
assumption and absurd pretense : we find, as basis for the system, neither 
the conceptions — for these are directly or impliedly denied or ignored 
— nor the observations — for not a mention of an actual observation is 
anywhere to be discovered — nor the methods : the whole is gravely put 
forth as a complete and perfect fabric, of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical 
data we will not lay any stress, since it might well enough be supposed 
that two nations, if once set upon the same track toward the discovery 
of truth, would arrive independently at so near an accordance with na- 
ture and with one another. We will look for other evidences, of a less 
ambiguous character, to sustain our main argument. The division of 
the circle, into signs, degrees, minutes, and seconds, is the same in both 
systems, and, being the foundation on which all numerical measurements 
and calculations are made, is an essential and integral part of both. 
Now the names of the first subdivisions, the signs, are the same in 
Greece and in India (see note to i. 58) : but with the Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
occupying those arcs ; with the Hindus they are applied to successive 
arcs of 30°, counted from any point that may be chosen : this is an un- 
ambiguous indication that the latter have borrowed them, and forgotten 
or neglected their original significance. But farther, the ordinary Hindu 
same of that division of the circle which is in most frequent use, the 
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minute, is no Sanskrit word, but taken directly from the Greek, being 
UptA, which is lem6i>. Again, the planets are ordinarily named in the 
Siddhantas in the order in which they succeed one another as regents 
of the days of the week; and not only has it been shown above that 
the week is no original Hindu institution, but it has even appeared that, 
on tracing it to its very foundation, we find there another Greek word, 
69a, represented by hor&. Once more, in the cardinal operation of find- 
ing by means of the system of epicycles the true place of a planet, we 
see that one of the most important data, the mean anomaly, is called 
by another name of Greek origin, namely kendra, which is xivrqov. 
These three words, occurring where they do, not upon the outskirts of 
the Hindu science, but in its very centre and citadel, amount of them- 
selves almost to full proof of its Greek origin : taken in connection with 
the other concurrent evidences, they form an argument which can nei- 
ther be set aside nor refuted. Of those other evidences, we will only 
mention farther here that Hindu treatises and commentaries of an early 
date often refer to the yavanas, "Greeks" or "westerners," and to ya- 
van&c&ry&s. " the Greek (or western) teachers," as authorities on astro- 
nomical subjects — that astronomical treatises are found bearing names 
which come more or less distinctly from the West (note to i. 4-6) — and 
that floating traditions are met with, to the effect that some of the 
Siddhantas were revealed to their human promulgators in Romaka-city, 
that is to say, at Rome. Farther witness to the same truth, deducible 
from other coincidences of the two systems, we pass unnoticed here, 
since it is not our object to discuss the question exhaustively, but only 
to bring forward the main grounds of our opinions. 

The question next arises, when, and in what manner the knowledge of 
astronomy was communicated from Greece to India. In reply to this, 
only probabilities offer themselves, yet in some points the indications 
are pretty distinct. It is, in our own view, altogether likely that the 
science came in connection with the lively commerce which, during the 
first centuries of our era, was carried on by sea between Alexandria, as 
the port and mart of Rome, and the western coast of India. Two con- 
siderations especially favor this supposition : first, that the chief site of 
the Hindu science is found to be the city which lay nearest to the route 
of that commerce (note to i. 62) : secondly, that Rome is the only west- 
ern city or country which is distinctly mentioned in the astronomical 
geography (xii. 39), and the one with which, as above noticed, the astro- 
nomical traditions connect themselves. Had the Hindus derived their 
knowledge overland, through the Syrian, Persian, and Bactrian king- 
doms which stood under Greek government, or in which Greek influence 
was predominant, and Greek culture known and prized, the name of 
Rome would have been vastly less likely to stand forth with such promi- 
nence, and the capitals of Hindustan proper would more probably have 
been the cradles of the new science. The absence from the Hindu 
system of any of the improvements introduced by Ptolemy into that of 
the Greeks (note to ii. 43-45) tends strongly to prove that the transmis- 
sion of the principal groundwork of the former took place before his 
time : nor can we think it likely that the numerical elements adopted 
by the Hindus would vary so much as in many cases they are found to 
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do from those of the Syntaxis, if the latter had been already in existence, 
and acknowledged as the principal and most authoritative exponent of 
Greek astrontfmy. Whether the information was transmitted through 
the medium of Hindus who visited the Mediterranean, or of learned 
Greeks who made the voyage to India, or by the translation of Greek 
treatises, or by what other methods, we would not at present even offer 
a conjecture ; and the point is one of only subordinate consequence. 

Whatever may have been the date of the first communication of the 
elements out of which the Hindu system was elaborated, there is good 
reason to suppose that its final reduction to its present form did not 
take place until some time during the fifth and sixth centuries. That 
period is distinctly pointed out by the choice of the equinox of A. D. 
570 as the initial and principal point of the fixed sphere (note to i. 27), 
by the definition of position of the junction-stars of the asterisms (p. 355), 
and by the Hindu traditions which refer to that time the names of 
greatest prominence and authority in the early history of the science. 
It is evident that the elaboration of the system must have been a work 
of time, probably of many generations : what were the forms which it 
wore in the interval we do not know ; here, as in many other depart- 
ments of the Hindu literature, all record of the steps of development 
appears to be lost, only the final and fully formed product being pre- 
served and transmitted to us : yet more light upon this point may still 
be hoped for, from the careful examination of all documents now ac- 
cessible, or of such as may hereafter be discovered. The process of 
assimilation and adaptation to Hindu conceptions and Hindu methods 
was thoroughly and completely performed. Among the changes of 
method introduced, the most useful and important was the substitution 
of sines for chords (p. 200); the general substitution of an arithmetical 
for a geometrical form also deserves particular notice. That no great 
amount of geometrical science is implied in any part of the system, is 
very evident : it is distinguished by the constant and dexterous applica- 
tion of a few simple principles : the equality of the square of the hy- 
pothenuse to the sum of the squares of the base and perpendicular — the 
comparison of similar right-angled triangles — the formation and com- 
bination of proportions, the rule of three — are the characteristic features 
of the early Hindu mathematical knowledge, as displayed in the Surya- 
Siddhanta. Of other treatises, of an earlier or later period, as those of 
Brahmagupta and Bhaskara, which (see Colebrooke's Hindu Algebra) 
give evidence of knowledge more profound in arithmetic and algebra, 
we cannot at present speak; but we hope at some future time to be able 
to revert to the subject of the Hindu astronomy, in connection with 
these or other of the text-books by which it is represented. 

Bev. Mr. Burgess, having placed his translation and notes in the 
hands of the Committee of Publication for farther elaboration, has very 
liberally allowed them entire freedom in their work, even where their 
deductions, and the views they expressed, did not accord with his own 
opinions. The most important point at issue between us is that dis- 
cussed in the next preceding pages, or the originality of the Hindu 
astronomy ; upon this, then, he is desirous of expressing independently 
his dissenting views, as in the following note. 
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Concluding Note by the Translator. 

It may not be improper for me to state, in a closing note, that I had 
prepared a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection with the 
preceding translation. But the length of this essay is such — the subject 
matter of it not being material to the illustration of the Siddhanta, and 
the translation and notes having already occupied so much space — that 
it was not thought advisable to insert it here. 

Yet as my investigations have led me to adopt opinions on some 
points differing from those advanced by Prof. Whitney in his very valu- 
able additions to the notes upon the translation, truth and consistency 
seem to require me to present at least a brief summary of the results at 
which I arrived in that essay in reference to the points in question. By 
so doing, I free myself from any embarrassment under which I should 
labor, if hereafter — as I now intend — I shall wish to express the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear upon the claims of the Hindus to 
the honor of original invention and discovery in astronomical science — 
especially, their claims to such an honor in comparison with the Greeks. 

Prof. Whitney seems to hold the opinion, that the Hindus derived 
their astronomy and astrology almost bodily from the Greeks — and 
that what they did not borrow from the Greeks, they derived from other 
people, as the Arabians, Chaldeans and Chinese (see pp. 1*78, 348, 350, 
et al.). I think he does not give the Hindus the credit due to them, 
and awards to the Greeks more credit than they are justly entitled to. 
In advancing this opinion, however, I admit that the Greeks, at a later 
period, were the more successful cultivators of astronomical science. 
There is nothing among the Hindu treatises that can compare with the 
great Syntaxis of Ptolemy. And yet, from the light I now have, I 
must think the Hindus original in regard to most of the elementary 
facts and principles of astronomy as found in their systems, and for the 
most part also in their cultivation of the science ; and that the Greeks 
borrowed from them, or from an intermediate secondary source, to 
which these facts and principles had come from India. I might perhaps 
so far modify this statement as to admit the supposition that neither 
Greeks nor Hindus borrowed the one from the other, but both from a 
common source. But with my present knowledge, I cannot concur in 
the opinion that the Hindus are, to any great extent, indebted to the 
Greeks for their astronomy, or that the latter have any well grounded 
claims to the honor of originality in regard to those elementary facts 
and principles of astronomical science which are common to their own 
and other ancient systems, and which are of such a nature as indicates 
for them a single origin, and a transmission from one system to another. 
For the sake of clearness, it is well that I should state more specifically 
a few of the more important facts and principles that come under the 
class above referred to. They are as follows : 

1. The lunar division of the zodiac into twenty-seven or twenty-eight 
asterisms (see transl., ch. viii). This division is common, with slight 
modifications, to the Hindu, Arabian, and Chinese systems. 
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2. The solar division of the zodiac into twelve signs, with the names 
of the latter. These names are, in their import, precisely the same in 
the Hindu and Greek systems. The coincidence is such that the theory 
of the division and the names of the parts having proceeded from one 
original source is unquestionably the correct one. 

3. The theory of epicycles in accounting for the motions of the plan- 
ets, and in calculating their true places. This is common to the Hindu 
and Greek astronomies. At least, there is such a coincidence in the two 
systems in reference to the epicycles as almost to preclude the idea of 
independent origin or invention. 

4. Coincidences, and even a sameness in some parts, between the 
systems of astrology received among the Hindus, Greeks, and Arabians, 
strongly indicate for those systems, in their primitive and essential ele- 
ments, a common origin. 

5. The names of the five planets known to the ancients, and the ap- 
plication of these names to the days of the week (see notes, i. 52). 

In regard to these specifications I remark in general : 

First, in reference to no one of them do the claims of any people to 
the honor of having been the original inventors or discoverers appear to 
be better founded than those of the Hindus. 

Secondly, in reference to most of them, the evidence of originality I 
regard as clearly in favor of the Hindus ; and in regard to some, and 
those the more important, this evidence appears to me nearly or quite 
conclusive. 

I have not space for detail, nor is it the design of this note to enter 
into the details of argument on any point whatever. A brief remark, 
however, for the sake of clearness, seems called for in reference to each 
of the above five specifications of facts and principles common to some 
or all of the ancient systems of astronomy and astrology. 

1. As to the lunar division of the zodiac into twenty-seven or twenty- 
eight asterisms. The undoubted antiquity of this division, even in its 
elaborated form, among the Hindus, in connection with the absence or 
paucity of such evidence among any other people, incline me decidedly 
to the opinion that the division is of a purely Hindu origin. This is 
still my opinion, notwithstanding the views advanced by M. Biot and 
others in favor of another origin. 

2. As to the solar division of the zodiac into twelve parts, and the 
names of those parts. The use of this division, and the present names 
of the signs, can be proved to have existed in India at as early a period 
as in any other country ; and there is evidence less clear and satisfac- 
tory, it is true, yet of such a character as to create a high degree of 
probability, that this division was known to the Hindus centuries before 
any traces can be found in existence among any other people. 

As corroborative of this position in part, or at least as strongly favor- 
ing the idea of an eastern origin of the division of the ecliptic in question, 
I may be allowed to adduce the opinions of Ideler and Lepsius, as quoted 
by Humboldt (Cosmos, Harper's ed., iii. 120, note): "Ideler is inclined 
to believe that the Orientals had names, but not constellations, for the 
Dodecatomeria, and Lepsius regards it as a natural assumption ' that 
the Greeks, at the period when their sphere was for the most part 
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unfilled, should have added to their own the Chaldean constellations 
from which the twelve divisions were named.' " Whether Ideler meant 
by "Orientals" the Chaldeans, or some other eastern people, the appli- 
cation of the term in this connection to the Hindus exactly suits the 
supposition of the Indian origin of the division in question, since in 
Indian astronomy the names of the signs are merely names of the 
twelfth parts of the ecliptic, and are never applied to constellations. 
Humboldt's opinion is, that the solar divisions of the ecliptic, with the 
names of the signs, came to the Greeks from Chaldea. I think the evi- 
dence preponderates in favor of a more eastern, if not a Hindu, origin. 

3. The theory of epicycles. The difference in the development of 
this theory in the Greek and Hindu systems of astronomy precludes 
the idea that one of these people derived more than a hint respecting it 
from the other. And so far as this point alone is concerned, we have as 
much reason to suppose the Greeks to have been the borrowers as the 
contrary ; but other considerations seem to favor the supposition that 
the Hindus were the original inventors of this theory. 

4. As regards astrology, there is not much honor, in any estimation, 
connected with its invention and culture. The coincidences that exist 
between the Hindu and Greek systems are too remarkable to admit of 
the supposition of an independent origin for them. But the honor of 
original invention, such as it is, lies, I think, between the Hindus and the 
Chaldeans. The evidence of priority of invention and culture seems, on 
the whole, to be in favor of the former ; the existence of three or four 
Arabic and Greek terms in the Hindu system being accounted for on 
the supposition that they were introduced at a comparatively recent 
period. In reference, however, to the word hor&, Greek &ga (see notes 
to i. 52 ; xii. 78-79), it may not be inappropriate to introduce the tes- 
timony of Herodotus (B. II, ch. 109): "The sun-dial and the gnomon, 
with the division of the day into twelve parts, were received by the 
Greeks from the Babylonians." There is abundant testimony to the 
fact that the division of the day into twenty-four hours existed in the 
East, if not actually in India, before it did in Greece. In reference, 
farther, to the so-called Greek words found in Hindu astronomical treat- 
ises, I would remark that we may with entire propriety refer them to 
that numerous class of words common to the Greek and Sanskrit lan- 
guages, which either came to both from a common source, or passed 
from the Sanskrit to the Greek at a period of high antiquity ; for no 
one maintains, so far as I am aware, that the Greek is the parent of the 
Sanskrit, to the extent indicated by this numerous class of words, and 
by the similarity of grammatical inflections in the two languages. 

5. As to the names of the planets, I remark that the identity of all 
of them in the Hindu and Greek systems is not to my mind clearly 
made out. However this may be, I think the present names of the 
planets in Greek astronomy originated at least as far east as Chaldea. 
Herodotus says (B. H, ch. 52) . . . " the names of the gods came into 
Greece from Egypt." The names of the planets are names of gods. 
Herodotus's opinion indicates the belief of the Greeks in reference to 
the origin of these names. Other considerations show for them, almost 
beyond a question, an origin as far east, to say the least, as Chaldea. 
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As to the application of the names of the planets to the days of the 
week, it is impossible to determine definitely where it originated. Re- 
specting this matter, Prof. H. H. Wilsan expresses his opinion — in which 
I concur — in the following language: "The origin of this arrangement 
is not very precisely ascertained, as it was unknown to the Greeks, and 
not adopted by the Eomans until a late period. It is commonly 
ascribed to the Egyptians and Babylonians, but upon no very sufficient 
authority, and the Hindus appear to have at least as good a title to the 
invention as any other people" (Jour. Roy. As. Soc, ix. 84). 

One word on the claims of the Arabians to the honor of original in- 
vention in astronomical science. And first, they themselves claim no 
such honor. They confess to having received their astronomy from 
India and Greece. They had at an early period some two or three of 
the first Hindu treatises of astronomy. " In the reign of the second 
Abbasside Khalif Almansiir . . . (A. D v 773), as is related in the preface 
to the astronomical tables of Ben-Al-Adami, published . . . A. D. 920, 
an Indian astronomer, well versed in the science which he professed, 
visited the court of the Khalif, bringing with him tables of the equa- 
tions of planets according to the mean motions, with observations rela- 
tive to both solar and lunar eclipses, and the ascension of the signs ; 
taken, as he affirmed, from tables computed by an Indian prince, whose 
name, as the Arabian author writes it, was Phighar" (Colebrooke's 
Hindu Algebra, p. Ixiv). That the Arabians were thoroughly imbued 
with a knowledge of the Hindu astronomy before they became ac- 
quainted with that of the Greeks, is evident from their translation of 
Ptolemy's Syntaxis. It is known that this great work of the Greek 
astronomer first became known in Europe through the Arabic version. 
In the Latin translation of this version, the ascending node (Greek iva- 
@t@&lu>v aivdeafiog) is called nodus capitis, "node of the head," and the 
descending node (Greek xaTafitf&tfav oitdeo/jos), nodus caudce, "node of 
the tail" — which are pure Hindu appellations (see Latin Translation of 
Almagest, B. iv, ch. 4 ; B. vi, ch. 7, et al.). This fact, with other evidence, 
clearly shows the influence of Hindu astronomy on that of the Arabians. 
In fact, this latter people seem to have done little more in this science 
than work over the materials derived from their eastern and western 
neighbors. 

Another fact showing the belief of the Arabians themselves respect- 
ing their indebtedness, in matters of science, to the Hindus, should be 
mentioned here. They ascribe the invention of the numerals, the nine 
digits (the credit of whose invention is quite generally awarded to the 
Arabians), to the Hindus. "All the Arabic and Persian books of arith- 
metic ascribe the invention to the Indians" (Strachey, on the Early 
History of Algebra, As. Res., xii. 184 ; see likewise Colebrooke's Hindu 
Algebra, pp. lii-liii, where the same is shown from a different authority. 
Strachey's article was published subsequently to the work of Colebrooke). 

The above facts and considerations, showing the indebtedness of the 
Arabians to the Hindus in regard to mathematical and astronomical 
science, clearly have an important bearing on the question of priority 
of invention in regard to the lunar division of the zodiac into twenty- 
eight asterisms, at least so far as the Arabians are concerned. Taking 
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all the facts into account, the supposition that this people were the 
inventors is altogether untenable. 

I close this note — already longer than I intended — with a quotation 
from that distinguished orientalist, H. T. Colebrooke. In a very valu- 
able essay entitled " On the Notions of the Hindu Astronomers concern- 
ing the Precession of the Equinoxes and Motions of the Planets," having 
stated with some detail some of the more striking peculiarities of the 
Hindu systems, and likewise coincidences existing between them and that 
of the Greeks, with the evidence of communication from one people to 
the other, he says : " If these circumstances, joined to a resemblance 
hardly to be supposed casual, which the Hindu astronomy, with its ap- 
paratus of eccentrics and epicycles, bears in many respects to that of 
the Greeks, be thought to authorize a belief, that the Hindus received 
from the Greeks that knowledge which enabled them to correct and im- 
prove their own imperfect astronomy, I shall not be inclined to dissent 
from the opinion" (As. Res., xii. 245-6; Essays, ii. 411). 

This is all that so learned and cautious a writer could say in favor of 
the opinion that the Hindus derived astronomical knowledge from the 
Greeks. More than this I certainly could not say. After the solar 
division of the zodiac, with the names of its parts, it is evident, I think, 
that only hints could have passed from one people to the other, and that 
at an early period ; for on the supposition that the Hindus borrowed 
from the Greeks at a later period, we find it difficult to see precisely 
what it was that they borrowed ; since in no case do numerical data and 
results in the systems of the two peoples exactly correspond. And in 
regard to the more important of such data and results — as for instance, 
the amount of the annual precession of the equinoxes, the relative size 
of the sun and moon as compared with the earth, the greatest equation 
of the centre for the sun — the Hindus are more nearly correct than the 
Greeks, and in regard to the times of the revolutions of the planets 
they are very nearly as correct : it appearing from a comparative view 
of the sidereal revolutions of the planets (p. 168), that the Hindus are 
most nearly correct in four items, and Ptolemy in six. There has evi- 
dently been very little astronomical borrowing between the Hindus and 
the Greeks. And in relation to points that prove a communication from 
one people to the other, with my present knowledge on the subject, I 
am inclined to think that the course of derivation was the opposite to 
that supposed by Colebrooke — from east to west rather than from west 
to east ; and I would express my opinion in relation to astronomy, in 
the language which this eminent scholar uses in relation to some coinci- 
dences in speculative philosophy and religious dogmas, especially the 
doctrine of metempsychosis, found in the Greek and Hindu systems, 
which indicate a communication from one people to the other: "I 
should be disposed to conclude that the Indians were in this instance 
teachers rather than learners" (Transactions of the Roy. As. Soc, i. 579). 
This opinion is expressed in the last essay on oriental philosophy that 
came from the pen of Colebrooke. E. B. 

Boston, May, 1860. 
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SANSKRIT INDEX. 



The following Index contains all the Sanskrit words, excepting proper names, 
which have been cited in the text and notes, in connection with their translation or 
more detailed explanation. It includes many terms of trivial importance, but we 
prefer to err upon the side of fullness, if upon either. All the cases of occurrence 
of each word are not given, but it is referred to a characteristic passage, or to the 
note where it is explained. The references by Roman and Arabic figures are to 
chapter and verse, and an added n denotes the note next following the verse given : 
Arabic figures when used alone refer to pages. 



anga, i. 28 n. 

anfuvimarda, vii. 19. 

aksha, i. 60 n. 

akshadrkkarman, vii. 12 n, ix. 5 n. 

akshabhd, iii. 13 n. 

akshonnati, i. 60 n. 

agrajyd, iii. 7 n. 

agramdurvikd, iii. 27. 

agrd, iii. 7 n. 

aghds, add. n. 26. 

angdraka, add. n. 3. 

angula, iii. 5 n, x. 9. 

aja, i. 58 n. 

aja ekapdd, 343. 

am, vii. 1 9. 

ativegita, ii. 11 n. 

atifighra, ii. 13. 

aditi, xii. 28 n. 

ad/iikdra, i. "70 n, xi. 23 n. 

adhimdsa, adhimdsaka, i. 40 n. 

adhydtma, xii. 11. . 

adhydya, xi. 23 n, xii. 10. 

anurddhd, 336. 

anuvakra, ii. 12. 

anushnagu, add. n. 3. 

antara, xi. 1 8 n. 

antaralagndsavas, iii. 50 n. 

antyd, iii. 7 n. 

andhakd, add. n. 26. 

apakrama, i. 70 n. 

apakramamandala, xiii. 13 n. 

apabharani, 328. 

apamandala, xiii. 1 3 n. 

apasavya, vii. 19. 

apasavyam, xii. 72 n. 

apdmvatsa, viii. 21 n. 

abhijit, 339. 

amarejya, add. n. 3. 

amdvdsyd, ii. 66 n, iv. 7. 

amArta, i. 10. 

amrtasrdva, xiii. 19 n. 

ayana, iii. 10, 249, xii. 72 n. 



ayanakalds, vii. 1 2 n. 

ayanagraha, vii. 12 n. 

ayanadrkkarman, vii. 1 2 n. 

ayandnga, 249. 

ayandnta, xii. 72 n. 

arka, add. n. 3. 

arkaja, add. n. 3. 

arkdgrd, iii. 23. 

arjuni, add. n. 26. 

aloha, xiii. 16 n. 

avanati, y. 1 n. 

afvattha, add. n. 26. 

apvayujdu, 327. 

apvini, apiini, apvindu, 327. 

ashddhd, 338. 

amvas, iii. 45 n. 

asita, x. 1 5 n. 

asu, i. 12 n : and see asavas. 

amra, i. 2, xii. 33. 

asta, ix. 1 n. 

astamgachant, xiii. 13. 

(Mtframana, aslamaya, ix. 1 n. 

astalagna, xiii. 1 5 n. 

astdngds, ix. 5 n. 

asphuta, v. 7. 

ahankdra, xii. 20. 

ahargana, i. 51 n. 

aAj budhnya, 343, ix. 18. 

ahordtra, iii. 51 n. 

a£apa, xii. 90 n. 

dksha drkkarman, vii. 12 n, 

dksha valana, iv. 26 n. 

dgneya, viii. 18. 

<Jrfj, xii. 1 5. 

dditya, viii. 19, xii. 28 n. 

apa, ajoas, 338, viii. 21 n. 

dpya, viii. 4. 

dyarua graha, vii. 12 n. 

dyana drkkarman, vii. 12 n. 

dyana valana, iv. 25 n. 

ar£i, add. n. 3. 
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drdrd, 330. 
dryikd, add. n. 26. 
dli, i. 58 n. 
dortya, iii. 12n. 
dpreshd, 332. 
dfleshd, 332. 
dsannatd, xii. 72 n. 

indu. add. n. 3. 
invakd, add. n. 26. 
ilvald, add. n. 26. 
t'«A«, add. n. 16. 
ishta, i. 68 n. 

weea, i. 33, 34 n, ii. 5 n. 
utkramajyd, ii. 27 n. 
utkramajydrdhapindaka, ii. 22. 
uttara, vi'. 12 n, 333. 
uttara khanda, xi. 23 n. 
uttardyana, iii. 1 2 n. 
ndaya, v. 3n, ix. In. 
udayajyd, v. 3 n. 
udayaprdnds, ii. 59 n. 
■udaydsavas, ii. 59 n, iii. 43 n. 
udaydstddhlkdra, ix. 1 n. 
unnata, iii. 39 n, iv. 26. 
unmandala, iii. 6 n. 
unmandalapanku, iii. 34 n. 
unmilana, iv. 17 n. 
ullekha, vii. 18. 

urdhvam, xiii. 10 n. 

urdhva ydmyottaravrtta, xiii. 1 6 n. 

rcas, xii. 17. 

r/«, ii. 13. 

rna, ii. 5 n. 

rt«, xiv. 10 n. 

rsAi, viii. 21 n, xiv. 26. 

ekadepa, xi. 18 n. 
ekdyanagata, xi. 5 n, 18 n. 

dindra, xi. 21. 

oja, it 35. 

kakshd, iv. 3 n, xii. 65 n, xiii. 4. 

kadamba, v. 1 n. 

kanyd, i. 58 n. 

kapdla, v. 17 n, xiii. 22 n. 

kapila, vi. 23. 

karana, ii. 67, 69 n. 

karani, iii. 30, 34 n. 

karka, karkata, i. 68 n. 

ifcaraa, ii. 41, iii. 23 n, iv. 21 a. 

karman, ii. 42, vii. 1 2 n. 

kalana, i. lOn. 

hold, i. 12 n, 28. 

kali, i. 17 n. 

£aK yuga, i. 17 n. 

kalpa, i. 19. 



kdpdlika, viii. 13n. 

fearmwia. add. n. 16. 

Ma, i. 10 n, ii. 69 n. 

kdlagati, ix. Hi). 

kdlabhdgds, ix. 5 n. 

kdlasdd/iana, iii. 50. 

kdldnpds, ix. 5 n. 

kdnhthd, i. 12 n. 

&«;a, add. n. 3. 

fa/yd, ii. 63 n. 

kutila, ii. 12. 

kumbha, i. 58 n. 

foita, vii. 22. 

&rta, i. 17 n. 

krta yuga, i. 17n. 

krttikd, 328. 

krshna, xiv. 17. 

krshnatdmra, vi. 23. 

krshna paksha, i. 51 n. 

kendra, ii. 30 n, 45 n. 

koti. ii. 30 n, x. 15n, add.n. 16. 

kotijyd, ii. 30 n, add. n. 16. 

kotijydphala, ii. 39 n. 

kotiphala, ii. 39 n. 

kona, iii. 34 n. 

kona^anku, iii. 34 n. 

krdnti, i. 70 n. 

krdntijyd, ii. 28 n. 

krdntipdta, 230. 

krdntipdtagati, iii. 12 n. 

krdntimandala, xiii. 13n. 

krdntivrtta, xiii. 13 n. 

fo-opa, i. 60 n. 

kshana, i. 12n. 

kshaya, i. 40 n, xii. 72 n. 

kshiti, ii. 63 n. 

kshitija, iii. 49 n, v. 1 n. 

kshitijyd, ii. 63 n. 

fofcp, i. 70 n. 

kshetra, ix. 16n, xiii. 11. 

kshetrdngds, ix. 16 n. 

kshetriya, 337. 

kshepa, iv. 21 n, v. 6n. 

khacara, add. n. 22. 
khacdrin, add. n. 22. 
khamadhya, v. 1 n, xiii. 14. 

gana, i. 28 n. 

ganda, xi. 22 n. 

ganddnta, xi. 21, 22. 

£fa<i, v. 6n. 

garbha, v. 1 n. 

<7wrK, xiii. 2, add. n. 3. 

gurvakshara, i. 12n. 

guhyaka, xiii. 3 n. 

grofoj, v. 1 n. 

gduna, i. 1 3 n. 

grasta, vi 1 3, ix. 9. 

graha, iv. 6 n, add. n. 22. 

grahana, iv. 6 n, vi. 4. 

grahayutyadhikdra, vii. 1 n. 
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grdsa, it. 11 n, 15 n, 20. 
grdhaka, rv. 9 n. 
grdhya, it. 9 n. 

ghati, xiii. 23 n. 
ghatikd, L 12 n, xiii. 23 n. 

cakra, iii. 12 n, xiii. 21 n. 

caturasra, iii. 5 n. 

caturyuga, i. 15, 17 n. 

catushpada, ii. 69 n. 

candra, add. n. 3. 

candragrahanddhikdra, it. 26 n. 

candradipas, x. 15 n. 

cara, ii. 63 n, 68, xiT. 6n. 

carakalds, 454. 

earakhanda, iii 44 n. 

carajyd, iii. 36 n. 

caradala, ii. 63 n. 

ca/a, ii. 40. 

caZa karna, ii. 42 a 

ctJjoa, add. n. 16. 

citrd, 334. 

chandas, xii, 15. 
chddaka, iv. 9 a 
chddya, iv. 9 n. 
chdyd, iii. 5n. 
cheda, iii. 35, t. 7. 
chedyaka, ti°. In. 

jambudvipa, xii. 44 n. 

jfoytn, Tii. 21. 

^7«a, Tii. 20. 

ji»a, add. n. 3. 

jivd, ii. 27 n. 

jna, add. n. 3. 

jjyrf, ii. 27 n, add. a 16. 

jydpinda, ii. 27 a 

jydpindaka, ii. 31. 

jydrdha, ii. 27 n. 

jydrdhapinda, ii. 16. 

jyeshthd, 336. 

jyotixhopanishadadhydya, xiii. 3 n. 

jyotis, i. 3 a 

ia<, xii. 12. 

tatpara, i. 12n. 

tamas, Ti. 11. 

tallagndsavas, ix. 11. 

tdjika, Tii. 23. 

tdrakd, tdrd, Tii. 1 n, viii. 16, 19, xii. 43. 

tdrdgraha, Tii. 1 n. 

tigmdnfu, add. n. 3. 

<i</«, i. 13, ii. 66 n. 

tithikshaya, i. 40 n. 

tithyanta, t. 13 n. 

if mi, iii. 5 n. 

tiryakx&tra, x. 1 5 n. 

Uryagjyd, xiii. 13 n. 

tishya, 331. 

tikshridnfu, add. a 3. 



<uM, i. 58 a 

(o)-a«a, 335. 

trinfatkrtyas, iii. 12 n. 

trin<°atkrtvaft, iii. 12 n. 

trikona, iii. 34 n. 

tricatuhkama, vii. 14 a 

trijivd, ii. 60 n. 

trijyd, ii. 60 a 

triprapnddhikdra, ii. 69 n. 

tribhajivd, -jyd, -mdurvikd, ii. 60 n. 

tribhonalagna, T. 1 a 

<r«i», i. 1 2 n. 

<«W ^«£fa, i. 17 a 

daksfiina, vi. 12 a 
dakshindyana, iii. 12 a 
danda,'i. 12 n, 60a 
daura, viii. 9. 
dinakara, add. a 3. 
dinardfi, i. 28 n, 51 a 
dinavydsadala, ii. 60 a 
divdkara, add. a 3. 
dip, ii. 69 n, v. 2. 
drkkarman, vii. 12 a 
drkkxhepa, T. 6n. 
drktulyatd, vii. 18a 
drktulya etc., xi. 8 a 
drggati, v. 6 a 
drggatijivd, T. 7. 
dryjyd, T. 6 a 
drglambana, v. 1 a 
drgvrlta, t. 1 n. 
rfrp, ii. 14, iii. 34n, t. 6a 
drfydnfds. ix 5 n. 
cfeya, ii. 69 n, T. 2. 
depdntara, i. 61 a 
defdntaraphala, ii. 39 n, 434. 
ddivata, ii. 10. 
darjyd, ii. 48. 
tfos, ii 30 n, add. a 16. 
dyngana, i. 51 n. 
dyujyd, ii. 60 a 
dodpara yuga, i. 17 a 
dvisvabhdva, xiv. 4. 
dvipa, xii. 44 a 

dhana, ii. 5 a 

dhanin, 340. 

dhanishthd, 340. 

dhnnus, i. 58 n, 60 n, xiii.21n, add.al6. 

dhislmya, v'm. 1 n, xi. 21. 

dhruva, ii. 67, viii. ] a 

dhruvaka, viii. 1 n. 

dhruvatdrd, xii. 43. 

nakshatra, 351. 

nakshatragrahayutyadhikdra, Tiii. 1 a 

nak, iii. 15, 17 a 

natajyd, iv. 25 a 

natabhdgds, iii. 17. 

naia«p<J«, iii. 21. 

ma<i, v. 1 a 
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nara, xiii. 22 n. 
narayantra, xiii. 24. 
ndkshatra, x. 5 n. 
ndga, ii. 67, 69 n, xii. 33. 
nddi, i. 12n, xiii. 23 n. 
nddikd, i. 12 n, xiii. 23 n. 
«imi/ana, iv. 17 n. 
nimesha, i. 1 2 n. 
raVa&sAa, xii. 44 n. 
mirrii, 837. 
nifdkara, add. n. 3. 
mifd/)o(i, add. n. 3. 
nishtyd, 335. 

paksha, ii. 66 n. 
jpaifo, ii. 29, viii. 5, 341. 
para, i. 21 n. 
parama, i. 70 n. 
paramakrdnti, -jyd, it 28 n. 
paramdnu, i. 12n. 
paramdpakrama, ii. 28 n. 
param dyus, i. 21 n. 
pardrdha, i. 21 n. 
paridhi, ii. 38 n. 
parilekha, vi. 1 n. 
parilekhddhikdra, vi. 1 n. 
paryanka, 333. 
parvan, iv. 8 n, xiv. 16 n. 
parvanddyas, iv. 8n. 
parvavinddyas, v. 3. 
parvdnfa, xiv. 16 n. 
pa/a, i. 12 n, xiii. 23 n. 
palabhd, iii. 13 n. 
papcdt, vi. 12 n. 
^>d<a, i. 33, xi. 5 n. 
pdtddhikdra, xi. 5 n. 
pdtdla, xii. 33. 
pddma, i. 23 n. 
pdraddrd, xiii. 22 n. 
pinda, ii. 27 n. 
piiaras, 382. 
pitrya, viii. 18. 
punarvasu, 330. 
purusha, xii. 12. 
pushy a, 331. 

purnamd, purnimd, ii. 66 n. 
piirnimdnta, xiv. 1 6 n. 
purva, 333. 

purva khanda, xi. 23 n. 
pv.sh.an, 343. 
prshtha, v. 1 n. 
pdwnwmdsi, ii. 66 n. 
pdushnya, xi. 21. 
prakrti, xii. 13. 
pragraha, iv. 15 n. 
pragrahana, v. 16. 
pratishthdna, add. n. 26. 
prabhd, iii. 5 n. 
pramdna, v. 13. 
pravaha, ii. 3. 
prafna, 419. 
2>r<8d, iv. 25 n, add. n. 23. 



prdnc, vi. 1 2 n. 
prdna, i. 1 2 n. 
proshtha, 341. 
proshthapadd, 341. 

phala, iii. 34 n. 
phalguni, 833. 
phdlguni, 333. 

6a?a, vii. 20. 
5aK, 336. 
6aZi», vii. 21. 
bdrhaspatya, viii. 18. 
bdrhaspatya mdna, i. 65 n. 
idfiw, ii. 30 n, add. n. 16, 26. 
bdhvjyd, ii. 30. 
bdhuphala, ii. 39 n. 
Ji/'a, i. 9n, 34 n. 
budha, add. n. 3. 
brhaspati, add. n. 3. 
brahman, xii. 12. 
brahmahrdaya, viii. 12 n. 

6Aa, i. 27 n, iii. 12 n. 

bhagana, i. 27 n, ii. 1, xii. 6. 

bhacakra, ii. 46. 

bhadra, 341. 

bhadrapadd, 341. 

bharani, 328. 

bhasandhi, xi. 21 n. 

6Ad, iii. 5 n. 

bhdga, i. 28 n. 

bhadrapadd, 341. 

bhdnu, add. n. 3. 

bhdrgava, add. n. 3. 

bhdskara, add. n. 3. 

bhukldsavas, iii. 49 n. 

bhukti,i. 27 n. 

6A»j, i. 27 n. 

ifcja, ii. 30 n, iii. 5 n, add. a 16. 

bhujajyd, ii. 30 n, add. n. 16. 

bhvjajydphala, ii. 39 n. 

bhujaphala, ii. 89 n. 

bhujasutra, iii. 5. 

bhugola, xii. 32. 

bhugolddhydya, xi. 23 n. 

bh&putra, add. n. 3. 

bhubhagola, xiii. 3 n. 

bhumigola, xiii. 3 n. 

bhumiputra, add n. 3. 

bhusuta, add. n. 3. 

bhrgu, add. n. 3. 

bhrguja, add. n. 3. 

bheda, vii. 18. 

bhoga, ii. 64. 

bhogydsavas, iii. 49 n. 

bhduma, add. n. 3. 

bhramana, xii. 76. 

makara, i. 58 n. 
majrAd, 332. 
wiailca, 333. 
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mandate, x. 15 n, xi. 18 n, xii. 76. 

matxya, iii. 5 n. 

madliya, i. 70 n, xiii. 15 n. 

madhyakarna, iii. 23 n. 

madhyagrahana, v. 13 n. 

madhyajyd, v. 5 n. 

madhyapata, xi. 5 n. 

madhyabha, v, 1. 

madhyama, xiii. 14. 

madliyamddhik&ra, i. 70 n. 

mad/iyarekhd, i. 62 n. 

madhyalagna, iii. 49 n, xiii. 15ft 

madhyasthityardha, v. 13 n. 

mad/iydhna, x. 8 n. 

madhye, xiv. 14 o. 

manu, i. 19 n. 

mandn, ii. 5 n, 12, add. n. 8. 

mandakarman, vii. 15 n. 

mandakendra, ii. 30 n. 

mandatara, ii. 12. 

mandaparidhi, ii. 34. 

mandaphala, ii. 44. 

mandocca. i. 34 n. 

manvantara, i. 19 n. 

maharxhi, i. 8, xii. 35. 

mahdbhuta, xii. 23. 

mahdyuga, i. 17 n. 

mahdpanhc, add. n. 21. 

mdva, iv. 3 n, xiv. 2 n. 

mdnddhydya, xiv. 2 n. 

mandti karman, ii. 48; 

mandn phala, ii. 39. 

mdxha, xiii. 23 n. 

mifra, 336. 

mithuna, i. 58 D. 

mina, i. 5S n. 

mukha. xiv. 6 n. 

mukhya, i. 13n. 

muhurta, i. 1 2 n. 

murta, i. 10 n. 

mii/a, 337. 

mrga, i. 58 n. 

mrgavyddha, viii. 12ft 

mxgafiras, 329. 

mrga(irslia, 329. 

melaka, vii. 1 n. 

mexha, i. 58 n. 

mditra, viii. 18. 

mokiha, i v. 1 5 n. 

mdurvikd, ii. 27 n. 

yajanxhi, xii. 17. 

yantra, xiii. 19. 

yaxhti, xiii. 21 n. 

ydmyottnravrtta, iv. 26 n, xiii. 1 5 n. 

yw^«t, i. 1 7 n, 58 n. 

yugma, ii. 30. 

yidi, vii. 1 n. 

yuddha,v\\. 1 n. 

jro^a, ii. 65 n, vii. 1 n, add. n. 19. 

yogatdrd, 323. 

yogatdrakd, viii. 19. 

yojana, i. 60 n. 

vol. vi. 62 



ranhax, ii. 8 n. 
r-aOT, add. n. 3. 
rdkxhasa, i. 62. 
rdfi, i. 28 n. 
rdAw, ii. 8 n. 
rekhd, i. 61 n. 
renugarbha, xiii. 22 n. 
revati, 343. 
roltini, 329. 
rdudrarkiha, ix. 14. 

lagna, iii. 48, 49 n. 
lagndntaraprdyid&i ix. 6. 
lagndntardsavax, x. 2. 
logndsavas, iii. 47. 
lankodaydx, xiii. 14. 
lankodaydxavas, iii. 49 ft 
tonA, i. 27 n, iii. 12n. 
lamba, i. 60 n. 
lambajyd, i. 60. 
lambana, v. 1 n. 
/ipW, i. 28 n. 
liptikd, i. 28 n. 
lubdhaka, viii. 12 n. 
/uia, xiii. 1 6 n. 

wi£ra, ii. 12. 
vakragati, viii. 15. 
vakrin, ii. 54. 
varxhn, xii. 44 n. 
valurw, iv. 25 n. 
valandnpds, iv. 25 ft 
»a/j, 336. 
tuuu, 330. 
vaxtra, xiii. 16. 
vdyava. viii. 19 n. 
tidi-a, i. 52 n. 
vdrdba, i. 23 n. 
t'dsatia, ix. 1 8. 
viknld, i. 28, vii. 10. 
vikx/iip, i. 70 n, viii. 12. 
vikxhepa, i. 70 n. 
vigraha, vii. 22. 
vicrldu, 337. 
vijita, vii. 21. 
vitatiti. iii. 5 n. 
ridtf, iii. 32. 
vidyddltara, xii. 81 n. 
vid/tu, add. n. 3. 
vidfirta, vidfifti, xi. 5 n. 
tid/ivaxta, vii. 21. 
vinddi, i. 1 2 n. 
viparita, xi. 5 n, xii. 72 n. 
vimarda, iv. 15 n. 
vivaxvani, add. n. 3. 
vipdkhd. 335, 338. 
vifw devds. 338. 
vixhama, ii. 30. 
vish/cva, vixhuvat* iii. 6 ti. 
vix/wiiatprabhd, iii. 13. 
vixhiivadbftd, iii. 7. 
vixhuvadvrlta, iii. 6 n. 
vixhuvanmandala, iii. 6 ft 
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vijn, i. 84 n. 
vrtta. ii. 38 n. 
vrddhi, xii. 72 n. 
vrgcika, i. 58 n. 
vrshan, i. 58 n. 
vega, ii. 1 1 n. 
veda, xii. 27. 
veddnga, i. 3 n. 
vdid/irta, vdid/irti, xi. 5 n. 
tNKftia, viii. 4. 
vdixhiwali, xiii. 9. 
t)di*Araai>a, ix. 18. 
vyakxha, xii. 44 n. 
vyatipdta, xi. 5 n. 
vyoman, xii. 80. 

p o£«, add. n. 1 2. 

fakuni, ii. 69 n. 

fanku, iii. 5 n, 84 n. 

fankujivd, iii. 22. 

fcttabhixhoj, -shd, 841. 

funi, add. n. 3. 

iandi{cara, add. n. 8. 

fayyd, 333. 

f am, add. n. 1 6. 

fafdnka, add. n. 3. 

fafija, add. n. 3. 

fifin, add. n. 3. 

fdka. add. n. 12. 

(ikhin, 360 note. 

figlira, i. 34 n, ii. 1 2. 

{ighrakarman, ii. 37. 

(iglirakendra, ii. 30 n. 

(ighratara, it. 12. 

fighraparidJii. ii. 55. 

fighrapfiala, ii. 44. 

(ighrocca, ii. 5 n. 

fitagu, fitadidhiti, fitdnpi, add. n. 3. 

fukra, add. n. 3. 

fukla, x. 4, 9. 

fu&fa pakxfia, i. 51 n. 

p«/6a, xiii. 22. 

(rnga, x. 1 n. 

txngdta. 339. 

(rngonnatyadhikdra, x. 1 D. 

fesha, iii. 5 1 n. 

fdighrya, ii. 42, 43. 

pvMia, iii. 26, iv. 21 n. 

(ravana, iv. 21 n, 340. 

pravwhthd, 340. 

frond, 840. 

shadagitimukha, xiv. 6 n. 

tamyoga, vii. 1 n. 

mwf, smnvatsara, add. n. 12. 

tantkdra, 454. 



tanAifri, vii. 23 n, add. n. 1. 

saKfcramana, xiv. 10 n. 

saM^rdntfi, xiv. 3 n. 

sadhumra, vi. 23. 

tandlii, xi. 22 n. 

sannihitarn sarat, i. 62 n. 

saptamhayas, xiii. 9. 

sama, ii. 1 2, iv. 25 n. 

samamandala, iii. 6 n. 

samamanda/apankii, iii. 34 n. 

namaittifra, xiv. 7 n. 

samdgama, vii. 1 n, 20, 22. 

somd*a, vi. 3. 

sara*, i. 62 n. 

sarpds, 332. 

tavana, xiv. 19 n. 

savitar, xii. 28 n, add. n. 3. 

satyam, xii. 72 n. 

tdm&ni, xii. 1 7. 

sdmpraddyika, vii. 14 n. 

sdyana, 489. 

sdrpa, viii. 19. 

tdvana. i. 12, xiv. 19 n. 

sinha, i. 58 n. 

siddlia, xii. 28. 

siddhdnta, add. n. 1. 

sidhya. 331. 

sura, xii. 41. 

suos, iv. 5 n. 

swtra, xiii. 22 n. 

surya, add. n. 3. 

suryagrahan&dhikdra, iv. 26 n. 

suryatanaya, add. n. 3. 

suryadifas, x. 1 5 n. 

soma, add. n. 3. 

sdumya, viii. 16, add. n. 3. 

sdura, i. 13, xiv. 3d. 

slhiti, iv. 1 5 n. 

slhira, xiv. 6 n. 

sthula. viii. 19. 

sparfa, iv. 15 n. 

spaxhta, ii. 58. 

upa-ihtddhikdra, i. 70 n. 

sphnta, i. 60. 

sphutaxthityardha, v. 17 n. 

sphutikarana, ii. 14. 

srotas, xii. 26. 

wdtf, s»d<8, 335. 

harija, v. la 

/lasto. i. 60 n, 334. 

Aa>«, xii. 72 n. 

himadidhili, himarapni, himdnpi, add. 

n. 3. 
hiranyagarbha, xii. 15. 
hutabhnj. viii. 12 n. 
Aord, xii. 79 n. 
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GENERAL INDEX. 



The references are as in the preceding Index. 



Abhijit, 22nd asterism — identification etc., 
339 ; omission from the series, 352-4. 

Abu-r-Raihan, see al-Biruni. 

Aclesha, 9 th asterism — identification etc., 
882 ; its last quarter unlucky, xi. 21. 

Acvina, 6th or 7th month— i. 51 n, xiv. 3 n, 
16n. 

Acvini, 1st asterism — identification etc., 
327. 

Acvius, divinities of 1st asterism, 327. 

Aditi, divinity of 7th asterism, 381. 

Aditya, 331 etc., xii. 28 n. 

^Eon, i. 19 ; day of Bridima, i. 20 ; names 
of past and current, i. 23 n. 

Agastya, name of star (Canopus), viii. 1 0. 

Age — Great Age, or Quadruple Age, how 
composed, i. 15-17; Golden, Silver, Bra 
zgn, and Iron Ages, i. 17 n ; quarter- Age, 
proper period of this treatise, 160. 

Agni — divinity of 3d asterism, 328 ; with 
Indra, divinity of 16th asterism, 335; 
name of star (3 Tauri), viii. 11. 

Albategnius, Arab inventor of sines, 200. 

al-Biruni — visit to India, and notices of 
Hindu astronomy, i. 3n, 6n; identifica- 
tion and description of the asterisms 
325 etc., 352. 

[For. other Arabic names commencing 
with the article, see the initial letter of 
the word following the article.] 

Altitude, sine of— name, 258, add. n. 21 ; 
how calculated, iii. 28-34, 34-36, 37-38 : 
instrument for taking altitude, xiii. 21 n. 

Altitude in time, iii. 39, iv. 26. 

Amplitude, sun's at horizon — sine of, iii. 
27 : measure of, on the dial, iii. 7 ; its 
constant ratio to liypoth. of shadow, iii. 
7 n ; how calculated, iii. 22-23, 27-28. 

Amrta, name of a yoga, add. n. 19. 

Anala, 24th year of Jupiter's cycle, i. 55 n. 

Ananda — 22nd year of Jupiter's cycle, i. 
55 n ; name of a yoga, add. n. 19. 

Angiras,40th yearof Jupiter'scycle. i.55 n. 

Angle, a quantity not employed in Hindu 
astronomy, 259. 

Anomalistic revolutions of planets, 207 

Anomaly, mean — name, ii. 29 ; how reck- 
oned, ii. 29 n. 

Anquetil du Perron, notice of the Pars! 
asterisms etc., 324. 

Antipodes, Hindu view of, xii. 51-53. 



Anuradha, 17th asterism — identification 

etc., 336. 
Anuvatsara, 4th year of lustrum, xiv. 1 7 n. 
Apamvatsa, name of star (J Virginis), viii. 

„ 21 - 

Apas, name of star (5 Virginis), viii. 21. 

Aphelion, 159 — see Apsis. 

Apogee, 159 — see Apsis. 

Apparent longitude, vii. 12 n; term how 
used by Colebrooke, viii. 1 n. 

Apsis — term how employed in this work, 
159: apsides of the planets, mode of 
action, ii. 1-5 ; revolutions, i. 4 1 -42 ; how 
devised, i. 44 n; position*, ace. to dif- 
ferent authorities, i. 44 n; compared 
with Ptolemy's, add. n. 11. 
For moon's » psis, see Moon. 

Arab astrology, connection with TJindu, 
vii. 23 n. 

Arab use of sines, later than Hindu, 200. 

Arab lunar mansions, 324 ; identified and 
compared with Hindu and Chinese, 327- 
344; character and origin of system, 
347 etc. ; stellar chart illustrating, add. 
n. 27. 

Arc — names of, and of its functions, add. 
n. 16: part of arc determining sine, ii. 
30 ; to find arc of a given sine, ii. 33. 

Ardra, 6th asterism — identification etc., 
330, add. n. 26. 

Armillary sphere — construction, equip- 
ment, and revolution of, xiii. 1-20; its 
use, and comparison with those of other 
nations, xiii. 3n; its adaptation to ob- 
serving polar longitude and latitude, 
viii. 1 2 ii. 

Aryabhatta — bis period and writings, add. 
n. 1 ; references to bis doctrines, i. 27 n, 
i. 60 n, add. n. 1 8 — see Arva-Sidilhanta, 
Laghu Arya-Siddhanta, Aryashtacata, 
Dacagitika. 

Aryabhatta, commentator on the Surya- 
Siddh&nta, add. n. 2. 

Aryaman, divinity of 11th or 12th aster- 

A ism, 334. 

Aryashtacata, treatise by Aryabhatta, add. 

» n '• 

AryaSiddliantn, add. n. 1 : citations of its 
teachings, 168, i. 44 n, add. n. 6. 

Ascension — see Right ascension and Ob- 
lique ascension. 
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Ascensional difference, how calculated, ii. 
61-62. 

Ascensional equivalents — see Right ascen- 
sion and Oblique ascension. 

Aslmdha, 20th and 21st asterisms— identi- 

A fication etc., 838. 

Ashadha, 3rd or 4th month, i. 51 n, xiv. 
3n,16n. 

Aspects, unfavorable, of sun and moon, 
when of like declination, xi. 

Asterisms— Hindu name for, 351 ; how to 
be translated, 351, add. n. 28 : their por- 
tions, or divisions of the ecliptic belong- 
ing to them, ii. 64, 323, 351 : their junc- 
tion-stars, 323 ; time and motive of se- 
lection, 351; names, add. n. 19; situa- 
tion in each group, viii. 16-19 ; mode of 
definition of position, viii. 1 n ; defined 
positions, viii. 2-9; illustrative figure, 
322; discordance of authorities, 326; 
errors of position examined, and time of 
definition deduced, 355 ; mode of ob- 
servation of positions, viii. 1 2 n ; detailed 
identification of the groups and their 
junction-stars, with statement of names, 
symbols, divinities, defined positions, 
etc., comparison with Arab mandzil 
alkamar and Chinese sieu, 327-344 ; 
additional synonyms of names, add. n. 
26; inability of later Hindus to point 
them out, 325; al-Biruni's information 
respecting them, 325 etc., 352, 353; 
conspectus of correspondences of the 
three systems, 344 ; stellar map illus- 
trating their relations, add. n. 27 ; Bi- 
ot's views of their origin and connec- 
tion, 345 etc.; age of the system in In 
dia, 347 ; discussion of its character, 
connections, and origin. 847 etc.; trans- 
fer of first rank from KrttikA to Ac viui, 
850; relation to the moon, 352, add. n. 
28 ; variation in number, and omission 
of Abhijit, 352. 

conjunction of planets with asterisms. 
viii. 14, 15; systems of yogas founded 
upon, 356, add. n. 19; heliacal settings, 
ix. 12-15, 17-18; orbit and revolution, 
xii. 73, 80, 90 n. 

Astrology — generally treated in distinct 
worKs, vii. 23 n ; titles of astrological 
works, vii. 23 n ; connection of Hindu 
with Greek and Arab, vii. 23 n: astro 
logical import of conjunctions of plan 
ets, vii. 18-28; of splitting of Rohini's 
wain, viii. 13 n: of equality of declina- 
tion of sun and moon, xi ; of sun's en- 
trance into a sign, xiv. 1 1. 

Astronomy — see Greek astronomy, Hindu 
astronomy. 

Astronomical literature of Hindus, sum- 
mary view of, add. n. 1. 



Atiganda, 6th yoga, ii. 65 n. 
al-Auwa', 18th manzil, 334. 
Avanti, name of Ujjayini, i. 62. 
Ayin-Akbari— orbits of the planets, as 
given by, 399, note ; description of in- 
^ struineut for measuring time, xiii. 23 n. 
Ayushmant, 3rd yoga, ii. 65 ii. 

Bahudhany a, 46th year of Jupiter's cycle, 
i. 55 n. 

Bailly— his views of Hindu astronomy, 
introd. n, 472; mean positions of the 
planets at beg. of Iron Age, 162 : other 
references to his works, 218, 433. 

Balava, 3rd etc. karana, ii. 69 n. 

al-Baldah, 21st manzil, 339. 

lianij, 7th etc. karana, ii 69 n. 

Base of a right-angled triangle, ii. 80 n, 
add. n. 1 fi. 

Base-sine =sine, ii. 30 n, add. n. 16. 

Base of the gnomon-shadow, iii. 5n, 23- 
25. 

Batn al-Hdt, 28th manzil, 343. 

Bava, 2nd etc. karana, ii. 69 n. 

Bentley, introd. note ; his views of Hindu 
astronomical literature, i. 8 n, 168; 
method of determining the age of a Sid- 
dhanta.1 64 ; applied to Surya-Siddhanta, 
and conclusion drawn, 165 ; criticism of 
his method and results, 16K etc; gene- 
ral estimate of his labors, 1 68, add. n. 8 ; 
his view of Hindu precession, 248 ; of 
asterisms, 338 ; other citations from and 
references to his works, 162, 163,172, 
218, 247, add. n. 1, 4, 6, 8, 470. 

Bhadrucva, name of a clime, xii. 38. 

Bhadrapada, 26th and 27th asterisms — 
identification etc., 341, add. n. 26. 

Bhadrapada, 5th or 6th month, i. 51 n,xiv. 
3n, 16 n. 

Bhaga, divinity of 11th or 12th asterism, 
334. 

Bharani, 2nd asterism— identification etc., 
328.' 

Bharata, name of a clime, containing In- 
dia, xii. 39. 

Bhaskara, add. n. 1— see Siddhanta-Ciro- 
mani. 

Bhavu, 42nd year of Jupiter's cycle, i. 55 n. 

Bhoja-Siddhanta, add. n. 1, 

Bhrcya (? Vrshya ?) 49th year of Jupi* 
ter's cycle, i. 55 n. 

Bhudhara, commentator on Surya-Sid- 
dhanta, add. n, 2. 

Bija, correction of mean motions of plan- 
ets, 163 etc., i. 9 n ; table of mean mo- 
tions as so corrected, 164, add. n. 7. 

Biot— his views of origin and history of 
Chinese sieu, 325, 345 etc. ; of Hindu as- 
terisms, 350 etc. ; of omission of Abhijit, 
852 ; of Hindu sines, add. n. 15 ; other 
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references to and citations from his 
works, i. 44 n, i. 67 n, 359, add. n. 10, 
17, 18, 27, 28, 2'.t. 

Brahma — day of, i. 20 ; length of his life, 
i. 21 ; time of, xiv. 21 : divinity of 22»d 
asterism, 339 : name of star (6 Auriga?), 
viii. 21 n : 25th yoga, ii. 65 n. 

Brahmagupta, i. 3 n, add. n. 1 — see Brahma- 
sphuta-Siddhanta and Khanda Kataka. 

Brahmahrdaya, name of star (Capella), 
viii. 11-12. 

Brahma-Siddhanta, add. n. 1, 6. 

Brahma-sphuta-Siddhanta, add. n. 1 ; its 
system, how different from Surya-Sid- 
dhanta, add. n. 6 : references to its doc 
trines, i. 3 n, 40 n, 60 n, 246, 326 etc. 
viii. 12 n, add. n. 18. 

Brhaspati, divinity of 8th asterism, 331. 

Brhaspati-Siddhauta, add. n. 1. 

Budhavara, Wednesday, i. 52 n. 

al-Hula', 23rd manzil, 340. 

al-Butain, 2nd mansil, 328. 

Cabdakalpadruma — its list of Siddhantas, 

add. n. 1. 
Caitra, 12th or 1st month, i. 51 n, xiv. 3 n, 

16n. 
Qakalya-Sanhita, add. n. 1 : references to, 

325, 326 etc., 357, 361, 362, add. n. 6, 

etc. 
Cakuni, 58th karana, i. 69 n. 
Calendar, sketch of a Hindu, for the year 

1859-60, i. 5 In. 
Calivahana, era of, add. n. 12. 
y&iiivarn, Saturday, i. 52 n. 
Cara, name of a yoga, add. n. 19. 
Carad, autumn, xiv. 10 n, 16 n. 
Cardinal directions, names of, vi. 12 n. 
Carvari, 8th year of Jupiter's cycle, i. 55 n. 
^atabhisliaj, 25th asterism — identification 

etc., 341. 
Catushpada, 60th karana, ii. 69 n. 
Central ecliptic-point, v. 1 n ; sines of its 

altitude and zenith-distance, v. 5-6. 
Chang, 9th sieu, 334. 
Cliattra, name of a yoga, add. n. 19. 
Che, 24 th sieu, 343. 
Chin, 11th -lieu, 334. 
Chinese astronomy and division of the 

heavens — see Sieu. 
Chord of an arc, 201, xiii. 13 n, add. n. 16 
Chronological cycles, i. 15-21 ; eras, add. 

n. 12. 
Cicira, cool season, xiv, 10 n, 16n. 
Circle — name, ii. 38 n ; divisions of, i. 28 ; 

ratio of diam. to circumf., i. 60 n, 201. 
Citra, 14th asterism — identification etc., 

334. 
Citrabhanu, 50th year of Jupiter's cycle. 

i. 55 n. 
Civa, 20th yoga, ii. 65 n. 
Civil time, day — see Time, Day. 



Cloka, common Hindu verse, introd. n. 

Cobhana — 11th year of Jupiter's cycle, i. 
55 n ; 6th yoga, ii. 65 n. 

Co-latitude, terrestrial— name, i. 60 n; how 
found, iii. 13-14, 14-17. 

Colebrooke, introd. n.: his statement of 
the systems of yogas, ii. 65, add. n. 19 ; 
identification etc. of the asterisms, 324 
etc. ; information as to astronomical lit- 
erature, add. n. 1 : other references to 
and citations from his works, i. 27 n, 
1 67, 1 83, 245 etc., viii. 1 n, 1 0- 1 2 n, 1 2 D, 
19 n, 21 n, xiii. 3 n, 5 n, xiv. 16 n, add. 
n. 2, 6, 10, 18. 

Color of moon when eclipsed, vi. 23. 

Commutation, mean — name, ii. 29 n ; how 
reckoned, ii. 29 n. 

Conjunction of a planet — term how em- 
ployed in this work, 160 ; mode of ac- 
tion on the planet, ii. 1-5; revolutions, 
i. 29-32 ; orbits, xii. 85-86. 

Conjunction and opposition of sun and 
moon, common name of, iv. 8 n : true and 
apparent conjunction, names of, v. 13 n. 

Conjunction of planets with one another, 
vii; with asterisms, viii. 14-15; name, 
general, vii. 1 n; particular, astrological, 
vii. 18-20, 22: conjunction viewed as 
taking place on secondary to prime 
vertical, vii. 6 n : time and place how 
calculated, vii. 2-1 1 ; illustrative ob- 
servations of conjunctions, vii. 15-18. 

Contact of disks, or disk and shadow, in 
eclipses, iv. 15 n ; time of first and last 
contact how determined, iv. 1 6. 

Cosine — not distinctly recognized, 200, ii. 
30 n ; term corresponding to, ii. 30 n, 
add. n. 16; part of arc determining co- 
sine, ii. 30. 

Cosmogony, development of creation, xii. 
10-28. 

Cravana, 23rd asterism— identification etc., 
340,' add. n. 26. 

Cravana, 4th or 5th month, i. 51 n, xiv. 
3n,'l6n. 

(JVavishtha, 24th asterism — identification 
etc., 340. 

Creation, time spent by the Deity in, i. 
24 ; as given by other treatises, i. 44 a ; 
reasou of this allowance, 162. 

Ciidhara, ratio of diam. to circumf. accord- 
ing to, i. 60 n. 

Crimukha, 41st year of Jupiter's cycle, i. 
55 n. 

Crishena, author of Romaka-Siddhanta, 
add. n. 1. 

Crlvatsa, name of a yoga, add. n. 19. 

(jubha — 23rd yoga, ii. 65 n ; name of a 
yoga, add. n. 19. 

9ubhakrt, 10th year of Jupiter's cycle, i. 
55 n. 

Cubit, i. 60 n, iii. 5n. 
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Cukla — 37th year of Jupiter's cycle, i. 
55 n; 24th yoga, ii. 65 n. 

Cukravara, Friday, i. 52 n. 

(Jiila, 9th yoga, ii. 65 n. 

Cusps of the moon — name, x. In, 15 n; 
their elevation calculated, x. 6-8; de- 
lineated, x. 10-15. 

Cycle — of five years, i. 58 n ; names of its 
years, xiv. 17 n : of sixty years of Jupi- 
ter, i. 55: of twelve years of Jupiter, 
xiv. 17 : their relation, xiv. 17 n : vaster 
chronological cycles, i. 15-21. 

ad-Dabaran, 4th manzil, 329. 

Dacagitiki, treatise by Aryabhatta, add. 
ti. 1. 

Dada Bha'i, commentator on Surya-Sid- 
dli^nta, add. n. 2. 

Daily motions of planets etc., i. 25-27 ; of 
equal absolute amount on each orbit, 
xii. 90 n : tables of mean daily motions, 
161, 164, add. n. 5, 7 ; mean motions in 
sidereal day, 435 : true daily motions, 
how calculated, ii. 47-51 ; comparative 
table of, for Jan. 1, 1860, 231. 

Davis, references to and citations from his 
essays in Asiatic Researches, introd. n., 
163, i. 55 n, 198, 218, xiv. 16 n, 17 n. 
add. n. 17, 433, 434,455. 

Day — civil day, how reckoned, i. 36, xiv, 
18 ; number of in an Age, i. 37 ; varying 
length in different seasons, xii. 45-71 : 
lunar day, i. 13 ; number of in an Age, 
i. 37 ; its portion, ii. 64 ; current one how 
determined, ii. 66 : omitted lunar days, 
i. 36 ; number of in an Age, i. 38 ; how 
.calculated for a given period, i. 50 : sid- 
ereal day, xiv. 15; its divisions, i. 11- 
12; number of in an Age, i. 34: solar 
day, xiv. 3 n : day of the gods, i. 13-14, 
xii. 45, 47-51,74, xiv. 20; day of the 
Fathers, xii. 77 u, xiv. 14 ; day of Pra- 
jSpati, xiv. 21 ; day of Brahma, i. 20, 
xiv. 21. 

Day of a planet, i. 34, ii. 59 ; its divisions, 
ii. 62-63. 

Day-measure, iii. 35 n. 

Day-radius, ii. 60. 

Day sine, ii. 60 n. 

Declination — name, 190; reckoned a9 in 
the ecliptic, 190, viii. In; how calcu-l 
lated, ii. 28 ; how combined with lati- 
tude, ii. 58 ; comparative table of, for 
Jan. 1. 1860, 231 : how found by ob-; 
servation, iii. 17-18. j 

Declination, equal, of the sun and moon — 
time how calculated, and astrological 
influence, xi. 

Deflection of ecliptic from an east and 
west direction — how calculated, for use 
in projection of eclipses, iv. 24-25; how 
projected, vi. 2-9. j 



Degree of a circle, i. 28. 

Delambre, references to and citations from 

his works, introd. n., 199, 200, 249, vii. 

14 n, add. n. 15,17, 18. 
Dhatar, 44th year of Jupiter's cycle, i. 

55 n. 
adh-Dhira', 7th manzil, 331. 
Dhrti, 8th yoga, ii. 65 n. 
Dhruva, 12th yoga, ii. 65 n. 
Dhumra, name of a yoga, add. n. 19. 
Dhvaja, name of a yoga, add. n. 19. 
Dhviinksha, name of a yoga, add. n. 19. 
Dial, construction of, iii. 1-7. 
Diameter, relation of to circumference, i. 

60 n, 201. 
Digit, iii. 5 n ; measure of the gnomon in, 

iii. 5n; equivalent in minutes, in pro- 
jecting an eclipse, iv. 26 ; measure of 

the moon's disk in, iv. 11 n, x. 9n. 
Directions on the sphere, how reckoned, 

281, vii. 6 n: cardinal directions, vi. 

12 n. 
Diurnal circle, radius of, how calculated, 

ii. 60. 
Dundulhi, 30th year of Jupiter's cycle, 

i. 55 n. 
Duration of an eclipse, name of, iv. 1 6 n ; 

how determined, iv. 12-15, v. 13-17. 
Durmati, 29th year of Jupiter's cycle, i. 

55 n. 
Durmukha, 4th year of Jupiter's cycle, i. 

55 n. 

Earth — form, position, and support, xii. 
32; apparent form, xii. 54; its revolu- 
tion taught by Aryabhatta. i. 27 n ; di- 
mensions, i. 59; centre and surface, 
terms for, 286 ; poles, xii. 34-35 ; geo- 
graphical divisions, xii. 36-40; zones, 
xii. 59-69 ; cavities within it, xii. 33 ; 
measurement by circles and arcs not ap- 
plied to, i. 05 n. 

Earth's shadow, diameter how calculated, 
iv. 4-5. 

Earth-sine, ii. 61. 

East and west direction on the sphere, 281. 

East and west hour-circle, iii. 6, xiii. 15 n. 

East-point, 282, add. n. 23. 

Eccentric circle, equivalent to Hindu epi- 
cycle of apsis, 208. 

Eccentricities of planetary orbits, compar- 
ative table of, 220. 

Eclipses — name, iv. 6 n ; rules, applying 
to solar and lunar, iv ; rules for paral- 
lax, applying to solar, v ; projections of 
eclipses, vi : primi'ive theory of cause 
of eclipse, iv. 6 n, 1 1 n : true theory, iv. 
9 : occurrence of annular eclipse not 
contemplated, v. 13 n: calculation of a 
lunar eclipse, add. n. 24; of a solar 
eclipse, add. n. 25 ; projection of a lu- 
nar eclipse, 801. 
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Ecliptic— name, xiii. 13 n ; pole, 287 ; di-j 
visions, i. 28 ; their equatorial equiva- 
lents, iii. 42-45 : inclination, ii. 28 : ori- 
ent and meridian point9,iii. 46-49 ; cen- 
tral point, v. 1 n : deflection from east 
and west direction at a given point, iv. 
24-25. 
Elements, five, xii. 23. 
Entrance of the sun into a sign, astrolog- 
ical character, xiv. 3, 11. 
Epicycle — name, ii. 38 n : dimensions, for 
all the planets, ii. 34-37 ; change of di 
roensions, ii. 38 n, 219, add. n. 18; epi 
cycle of apsis equivalent to eccentric 
orbit, 208 : relative dimensions of orbits 
deduced from epicycles of conjunction, 
220 ; comparison of Greek and Hindu 
systems, 218 ; Greek origin of the meth 
od, 473. 
Equation of the centre — how calculated, 
ii. 39 ; Ptolemy's method, for sun and 
moon, 211 : for other planets, 217 : how 
applied, with annual equation, in find- 
ing true places of lesser planets, ii. 43- 
45; comparative table of value when 
greatest, 220. 
Equation of the orb, or annual equation — 
how found, ii. 40-42 : Ptolemy's meth- 
od, 217 : how applied, with equation of 
centre, ii. 43-45. 
Equation of time, correction for, ii. 46 ; 

its insufficiency, ii. 46 n. 437. 
Equation of motion of a planet, ii. 47-51 
Equator, celestial, iii. 6. 
Equator, terrestrial, 392. 
Equinoctial shadow, iii. 7, 12-13; how 

found from latitude, iii. 17. 
Equinox, iii. 6 n: precession of — see Pre- 
cession. 
Eras in practical use among Hindus, add. 

n. 12. 
Ether, fifth element, xii. 23 ; orbit of, xii. 

SO, 81, 90. 
Evection, not noticed by Hindus, 211. 

Fang, 15th men, 336. 

al Fargh al-Mukdini, 26th manzil, 343. 

al-Fargh al-Mukhir, 27th manzil, 343. 

Fathers, or Manes— divinities of 10th as- 
terism, 832 ; their station and day, xii. 
74, xiv. 14. 

Fixed stars — names and defined positions 
of certain, viii. 10-12, 20-21 ; their iden- 
tification, viii. 12 n, 21 n. 

Full moon, day of, ii. 66 n. 

Gada, name of a yoga, add. n. 19. 

Ganda, 10th yoga, ii. 65 n. 

Ganeca, author of Graha-Laghava, add. 

n. i. 
Gara, 6th etc. karaija, ii. 69 n. 
Garga, Garga-Siddhanta, add. n. 1. 



Geography, xii. 34-42; of Puranas, xii. 

44 n. 
nl-Ghafr, 15th manzil, 335. 
Gnomon, iii. 1, 5 n. 
Goei, 23rd aim, 341. 
Graha Laghava, add. n. 1 ; its definition of 

position of the asterisms, 326-342; of 

fixed stars, viii. 12 n, 21 n. 
Greek astronomy, relation of, to Hindu, 

471 etc. — see Ptolemy. 
Greek words in Hindu technical language, 

i. 28 n, 52 n, ii. 30 n, iii. 34 n, 474. 
Grishma, summer, xiv. 1 n, 1 6 n. 
Gudhartbaprakftcaka, name of Rangana- 

tha's commentary on the Siirya-Sid- 

dhanta. introd. n. 
Guruvara, Thursday, i. 62 n. 



al-Hak'ah, 5th manzil, 330. 

Hall, F. E.— his edition of Siirya-Siddhan- 

ta, introd. n, add. n 1. 
al-Han'ab, 6th manzil, 330. 
Harshana, 14th yoga, ii. 65 n. 
Hasta, i3th asterism — identification etc., 

334. 
Hemalamba, 5th year of Jupiter's cycle, 

i. 55 n. 
Hemanta, winter, xiv. 10 n, 16 n. 
Hemisphere — name, v. 17 n; eastern and 
western, of heavens, v. 17 n; northern 
and southern, of earth, xii. 45,46. 
Heliacal settings and risings — of planets, 
ix. 1-11; distance from sun of occur- 
rence, ix. 6-9 ; calculation of time, ix. 
10-11, 16: of asterisms, ix. 12-17; as- 
terisms which never set heliacally, ix. 
18: of moon, x. 1. 
Hindu astronomy, discussion of its origin, 
age, and relation to the Greek, add. 
n. 30. 
Hiil, 22nd neu, 341. 

Hoisinglon, H. R. — his Oriental Astrono- 
mer cited, introd. n., ii. 13 n, 218. 
Horizon, iii. 49 n. 
Hour — name, i. 52 n ; succession of regents 

of, xii. 79. 
Hour-angle, distance in time from meridi- 
an, iii. 34-36; corrected hour-angle, 284; 
sun's hour angle how determined from 
observation, iii. 37-39. 
Hypothenuse — name, iv. 21 n : hypoth. of 
shadow of gnomon, iii. 8; constant re- 
lation to measure of amplitude, iii. 7 n. 

Icvara, 45th year of Jupiter's cycle, i. 

55 n. 
Idavatsara, 3rd year of luslrum, xiv. 17 n. 
Ideler — identifications of Arab mandzil, 

326 etc. 
Idvatsara, 4th or 6th year of lustrum, 

xiv. 17 n. 
al-Iklil, 17th manzil, 336. 
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Inclination — of planetary orbits to ecliptic,! 
i. 68-70 ; comparative table of, i. 70 n :] 
of ecliptic to equator, ii. 28. | 

Indra — 26th yoga, ii. 65 n : divinity of 
18th asterism, 337 •, of others, 341 ; with 
Agni, of 16th, 335. 

Inequalities of planetary motions — how 
produced, ii. 1-8 ; why of different de- 
grees, ii. 9-1 1. 

Instruments — armillary sphere, xiii. 1-20, 
viii. 1 2 n ; other instruments for meas- 
uring time, xiii. 20-24; for taking alti- 
tude, xiii. 21 n ; for taking zenith-dis- 
tance at meridian transit, viii. 12 n. 

Iron Age. i. 17 n; its commencement, 161 ; 
how determined, 162. 

aj- Jabhah, 1 0th manzil, 333. 
Jambudvipa, central continent in Puranic 

geography, xii. 44 n. 
Jaya, 2nd year of Jupiter's cycle, i. 55 n. 
Jervis, his Weights, Measures, and Coins 

of India, introd. n. 
Jfiana-Bhaskara, reference to, i. 6 n. 
JnJna-raja, author of Siddhanta-Sundara, 

add. n. I. 
Jones, Sir W., references to and citations 

from his works, 324, 325, xiv. 16 n, add. 

n. 1. 
Jupiter — names, revolutions, eta, etc., see 

Planets — Jupiter's cycle of sixty years, 

i. 65 ; of twelve years, xiv. 17 ; their 

relation, xiv. 17 n. 
Jyaishtha, 2nd or 3rd month, i. 51 n, xiv. 

3n, 16 n. 
JyeshthS, 1 8th asterism— identification etc. 

336 ; its last quarter unlucky, xi. 21. 
Jyotisha, astronomical treatise, i. 3 n. 

Kaladanda, name of a yoga, add. n. 1 9. 

Kalayukta, 26th year of Jupit'er's cycle, i 
55 n. 

al-Kalb, 18th manzil, 337. 

Kamalakara, author of Tattva-Viveka, 
add. n. 1. 

Kana, name of a yoga, add. n. 19. 

Kaiig, 13th sieu, 335. 

Karana, half a lunar day, ii. 67-69. 

Karttika, 7th or 8th month, i. 51 n, xiv. 
3n, 16 n. 

Kmlava, 4th etc. karana, ii. 69 n. 

Ketu, moon's descending node, ii. 8 n. 

Ketumlla, a clime, xii. 39. 

Khanda-Kataka, treatise, or chapter of one, 
by Brahmagupta — cited by al-BSruni re- 
specting asterisms, 325 etc., 352, 353. 

Khara, 59th year of Jupiter's cycle, i 55 n. 

Ki, 18th sieu, 339. 

Kilaka, 1 6th year of Jupiter's cycle, L 65 n. 

Einstughna, 1st karana, ii. 69 n. 

Kio, 12th xieu, 335. 

Koei, 26th sieu, 343. 



Krodhana, 88rd year of Jupiter's cycle, i. 

55 n. 
Krodhin, 12th year of Jupiter's cycle, i. 

55 n. 
Krttika, 3rd asterism — identification etc., 

328 ; formerly first of the series, i. 27 n, 

350. 
Kshaya, 34th year of Jupiter's cycle, i. 

65 n. 
Kuei, 6th sieu, 331. 
Kuru, a clime, xii. 40. 
Kurukshetra, region in India, i. 62 n. 

LSdha, astronomical authority, i. 3 n. 

Lagadha or Lagata, author of Jyotisha, i. 
3n. a 

Laghu-Arya-Siddhanta, add. n. 1; cita- 
tions and references, 168, add. n. 6. 

Lambaka, name of a yoga, add. n. 19. 

Lanka, i. 62 n, xii. 39. 

Lata, called by al-Biruvii author of Surya- 
Siddhanta, i. 3 n. 

Latitude, celestial — name, i. 70 n, iv. 21 n ; 
how measured, i. 70 n, viii. 1 n; mean 
greatest latitude of planets, i. 68-70 : 
latitude of planets how calculated, ii. 
56-57 ; how combined with declination, 
ii. 68. 

Latitude, terrestrial — name, i. 60 n ; how 
ascertained by observation of shadow, 
iii. 13-14, 14-16 : circumf. of earth on a 
parallel of latitude, how found, i. 60. 

Leu, 27th sieu, 328. 

Li, Chinese measure of distance, i. 60 n, 
add. n. 1 3. 

Lieu, 7th sieu, 332. 

Lokaloka, boundary of the earth, xii. 44 n, 
xiii. 16 n. 

Longitude, apparent— term how employed, 
vii. 12 n ; how found, vii. 7-11. 

Longitude, celestial, of a planet — no name 
for, i. 53 n ; mean longitude how found, 
i. 63, 54, 60-61, 67; true longitude 
how found, ii. 39-45 : sun's true and 
mean longitude how determined from 
observation, iii. 17-20,40-41. 

Longitude, polar— term how employed in 
this work, viii. 1 n ; polar longitudes of 
asterisms, viii. 2-6 ; of certain fixed 
stars, viii. 10-11, 20-21. 

Longitude, terrestrial — name, i. 61 n; 
whence measured, i. 62 ; how deter- 
mined, i. 63-65 ; measured in yojanas, 
i. 65 n. 

Lunar time, day, month — see Time, Day, 
Month. 

Lustrum, cycle of five years, i. 68 n ; 
names of its years, xiv. 17 n. 

Mackenzie collection — see Wilson. 
Magna, 10th asterism — identification etc., 
332, add. n. 26. 
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ha, 10th or 11th month, i. 51 n, xiv. 
3n, 16 n. 

Maitra, name of a yoga, add. n. 1 9. 

Mallikarjuna, commentator on Surya-Sid- 
dhanta, add. n. 2. 

Mammabhatta, commentator on Surya- 
Siddhanta,' add. n. 2. 

Manasa, name of a yoga, add. n. 19. 

Manazil al-kamar— see Arab lunar man- 
sions. 

Mangalavara, Tuesday, i. 52 n. 

Manmatha, 3rd year of Jupiter's cycle, i. 
55 n. 

Manu, citations and references, i. 12 n, 
17 n, 19 n, 23 n, xii. 28 n, xiv. 14 n. 

Mao, 1st sieu, 329. 

Margagirsha, 8th or 9th month, i. 51 n. 
xiv. 3n, 16 n. 

Mars, names, revolutions, etc., etc. — see 
Planets. 

Matanga, name of a yoga, add. n. 19. 

Maya, recipient of revelation of Surya- 
Siddhanta, i. 2, 4, 6 n, 7, xii. 1, 10, xiv. 
24-27 ; conjectured identity of his name 
with that of Ptolemy, i. 6 n. 

Mean motions of planets — see Daily mo 
tions etc. 

Mean places of planets — see Longitude. 

Measure of amplitude, iii. 7. 

Mercury, names, revolutions, etc., etc. — 
see Planets. 

Meridian— no distinct name for in text, xiii. 
15 n ; name in commentary, 283, xiii. 
15 n. 

Meridian ecliptic point, iii. 49, v. 4-5, 9 n. 

Meridian, prime — situation of, i. 62 ; why 
chosen, l. 62 n. 

Meridian-sine, v. 5. 

Meru — poles of the earth, xii. 34-35 ; in 
Puranic geography, xii. 44 n. 

Minute of arc, i. 28. 

Mitra, divinity of 17th asterism, 336. 

Month — civil, i. 12: lunar, i. 13; number 
in an Age, i. 35; names of those com- 
posing the year, i. 51 n, xiv. 16 n; how 
derived, xiv. 16 n; divisions of lunar 
month, i. 51 n: intercalary months, i. 
38 ; number in a given period how cal- 
culated, i. 49 : lunar month a day of the 
Fathers, xii. 74, xiv. 14: sidereal month, 
i. 12 : solar month, i. 13 ; number in an 
Age, i. 39 ; names, i. 51 n, xiv. 16 n ; pre- 
cise length of the several solar months, 
xiv. 3 n ; division into seasons, xiv. 16 n 

Moon — names, revolutions, etc., etc., see 
Planets— Moon's apsides and nodes, revo- 
lution's in an Age, i. 33 ; mean daily mo- 
tions of, 101, 164, add. n. 5, 7 ; in side- 
real day, 435 ; positions at beginning of 
Iron Age, 162, add. n. 6 ; orbits, xii. 87- 
88 : moon's dimensions, iv. 1 ; mean ap- 
parent diameter, distance, and horizon 
tal parallax, iv. In; orbit, iv. 1 n, xii. 
VOL. vi. 63 



85 ; apparent diameter how calculated, 
iv. 2-3 ; conciser method, 456 : moon's 
heliacal setting and rising, x. 1 ; time of 
rising and setting, how calculated, x. 2- 
5 ; elevation of cusps, x. 6-8 ; to deter- 
mine illuminated part of disk, x. 9 ; to 
delineate illuminated part, and elevation 
of cusps, x. 10-1 5 : moon the divinity of 
5th asterism, 329 ; relation to system 
of asterisms, 351, add. n. 28 ; equality of 
declination with sun unpropitious, xi. 1 
etc. ; station of the Fathers, xii. 74. 

Motions of planets — see Daily motions, 
Inequalities. 

Mrgacirsha, 5 th asterism — identification 
etc., 329, add. n. 26. 

Mrgavyadha, name of star (Sirius), viii. 
10-11, add. n. 26. 

Mrty u, name of a yoga, add. n. 1 9. 

Mudgara, name of a yoga, add. n. 19. 

Muhurta-Cintamani, cited respecting as- 
terisms, 325 etc. 

Muhurta-Mala, cited respecting Abhijit, 
354. 

Mula, 19th asterism— identification etc.,337. 

Municvara, author of Siddhanta-Sarva- 
bhauma, add. n. 1, 2. 

Musala, name of a yoga, add. n. 19. 

an-Na'aim, 20th manzil, 339. 

Nadi, sixtieth part of sidereal day, i. 11. 

Naga, 59th karana, ii. 67, 69 n. 

an-Najm, 3rd manzil, 329. 

Nandana, 60th year of Jupiter's cycle, i. 
55 n. 

Narada, Narada-Siddhanta, add. n. 1. 

Naradi-Sanhita, add. n. 1. 

an-Nathrah, 8th manzil, 331. 

New moon, day of, ii. 66 n. 

Nieu, 20th sieu, 340. 

an-Niyat, stars in Scorpio, 337. 

Node of a planetary orbit — name, i. S4 n, 
xi. 5 n ; only ascending node spoken of, 
i. 34 n ; names of ascending and de- 
scending nodes, ii. 8 n, 360 ; mode of 
action on the planet, ii. 6-8 ; revolu- 
tions, i. 42-44 ; how devised, i. 44 n ; po- 
sitions, ace. to different authorities, i. 
44 n ; compared with Ptolemy's, add. n. 
11 ; corrections applied to places of, in 
calculating latitude, ii. 56. 
For moon's node, see Moon. 

Nrsinha, commentator on Surya-Siddhan- 
ta, add. n. 2. 

Nii, 21st sieu, 340. 

Numbers, how expressed in the text, in- 
trod. n. 

Oblique ascension, equivalents in, of signs 
of ecliptic, iii. 44-45 ; table of equiva- 
lents as calculated for Washington, 
265 ; for Williams' College, 457 : de- 
grees of oblique ascension, ix. 5 n. 



494 



& Burgess, etc., 



Observations — how far contemplated in 
Hindu system, vii. 18 n, viii. 12 n, 472 ; 
accuracy of Hindu observations, 356, 
864. 

Oei, 28th sieu, 328. 

Orbit — name, iv. 3, xii. 76 : orbits of the 
planets, i. 26, xii. 73-77; their absolute 
dimensions, xii. 80-90 ; how determined, 
i. 27 n, iv. 1 n, xii. 90 n ; their relative 
dimensions deduced from epicycles, and 
compared, 220. 

Orient ecliptic-point, iii. 46-48. 

Orient-sine, or sine of amplitude of orient 
ecliptic-point, v. 3. 

Pada, quarter of a cloka, introd. n. 

Padma, name of a yoga, add. n. 19. 

Padma, name of last JSon, i. 23 n. 

Paftca-Siddhantika, i. 3 n, add. n. 1. 

Parabhava, 14th year of Jupiter's cycle, 
i. 55 n. 

Paracara, add. n. 1. 

Paracara or Paracara Siddhanta, add. n. 
1 ; its system, add. n. 6 ; length of year, 
168 ; positions of apsides and nodes, i. 
44 n. 

Parallax — general exposition of Hindu 
view of, v. In; horizontal parallax of 
moon and sun, iv. 1 n ; the same ace. 
to Ptolemy, iv. 1 n : vertical parallax 
and its resolution, v. 1 n ; parallax in 
longitude, name of, 288; mode of cal- 
culating, in time, v. 3-8 ; parallax in 
latitude, name of, 288 ; mode of calcu 
lating, v. 10-12: method of applying 
parallax in determining phases of eclipse, 
v. 9, 13-17, 463; general criticism of 
methods of calculation, 299 : parallax 
of other planets neglected, vii. 23 n. 

Paridhavin, 20th year of Jupiter's cycle, i. 
65 n. 

Parigha, 19th yoga, ii. 65 n. 

Parivatsara, 2nd year of lustrum, xiv 
17 n. 

Pars! asterisms, or 28-fold division of 
ecliptic, 324, 349. 

Parthiva, 53rd year of Jupiter's cycle, i. 
55 n. 

Path of extremity of shadow, how drawn 
on the dial, iii. 41-42. 

Path of eclipsing body, how drawn in pro 
jection of eclipses, vi. 14-16. 

Patriarchate, great chronological period — 
how composed, i. 18: reckoned as day 
of Prajapati, xiv. 21. 

Paulastya or Pulastya Siddhanta, add. n. 1 . 

Paulica or Pulica Siddhanta, i. 6n, add. 
n. 1, 6 : its length of year, 168. 

Pausha, 9th or 10th month, i. 51 n. xiv. 
Sn, 16 n. 

Perfected, the, a race of supernatural 
beings, xii. 28, 31,40. 



Perigee, perihelion, no name for, 207. 

Perpendicular of a right-angled triangle, ii. 
30 n, add. n. 16. 

Perpendicular-sine = cosine, ii. SO n, add. 
n. 16. 

Phalguna, 11th or 12th month, i. 51 n, 
xiv. 3 n, 16 n. 

Phalguni, 11th and 12th asterisms — iden- 
tification etc., 333, add. n. 26. 

Phases of an eclipse, contact, immersion, 
emergence, separation, greatest obscu- 
ration, etc — names, iv. 15n, 17 n. 

Pi, 2nd sieu, 329 ; 25th sieu, 343. 

Pingala, 25th year of Jupiter's cycle, i. 
55 n. 

Planet, name, iv. 6 n, add. n. 22. 

Planets — names, add. n. 3 ; creation, xii. 
22-24; general explanation of motions, 
i. 25-27, xii. 73-77 ; point of commence- 
ment of motion, i. 27, 162 ; time of com- 
mencement, i. 24, 161, 162, i. 44 n; sid- 
ereal revolutions in an Age, i. 29-32 ; 
tables of periods of sidereal revolution, 
161, 164, 168, add. n. 5, 7 ; mean daily 
motions, i. 26, xii. 83 ; tables of do., i. 
34 n, add. n. 5, 7 ; mean positions, end 
of last Golden Age, i. 57 ; do. beginning 
of Iron Age, i. 58 n, add. n. 6 ; actual 
mean positions, beg. of Iron Age, 162 : 
to find mean longitude for any given 
time, i. 53-67; mean longitude as found 
for Jan. 1, 1860, and errors, i. 67 n: 
causes of irregular motion, ii. 1-11 ; 
kinds of motion, ii. 12-13 ; how to cal- 
culate true longitudes, ii. 29-45; di- 
mensions of epicycles, ii. 34-38 ; equa- 
tion of centre, ii. 39 ; annual equation, 
ii. 40-42 ; calculation of true rates of 
motion, ii. 47-61 ; of declination, ii. 28 ; 
data for finding latitude, i. 68-70 ; mode 
of calculation, ii. 56-57 ; combination of 
latitude and declination, ii. 58 : com- 
parative table of true longitudes, daily 
motions, and declinations, for Jan. 1, 
1860, 231 ; apparent diameters, iv. 1 n, 
vii. 13-14 : orbits, how determined, iv. 
1 n, xii. 90 n ; absolute dimensions, xii. 
80-90 ; relative dimensions, deduced 
from epicycles, 220 ; distances from 
earth, xii. 84 ; order in respect to dis- 
tance, xii. 31 ; order in which referred 
to in this work, i. 52 n : synodical revo- 
lutions, ii. 42 n : conjunctions of planets 
with each other, vii ; with asterisms, 
viii. 14-15 : heliacal settings and risings, 
ix. 1-11: regency over days, months, 
etc., i. 51-52, xii. 78-79 : day of a plan- 
et, ii. 59. 

Plava, 9th year of Jupiter's cycle, i. 
65 n. 

Plavanga, 15th year of Jupiter's cycle, i. 
55 n. 
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Polar longitude and latitude, terms how 

employed in this work, viii. 1 n. 
Pole— of earth, xii. 34-35 ; of ecliptic, 

287 ; of prime vertical, 283. 
Polestars, xii. 43. 

Portion of an asterism, ii. 64, 323, 351-54. 
Possessors of Knowledge, supernatural 

beings, xii. 31. 
Prabhava, 36th year of Jupiter's cycle, i. 

55 n. 
Prajapati — 39th year of Jupiter's cycle, i. 
55 n: divinity of 4th asterism, 329, viii 
1 3 n : the patriarchate a day of, xiv, 
21 : name of a star (6* Aurigse), viii. 20 : 
name of a yoga, add. n. 19. 
Pramadin, 21st year of Jupiter's cycle, i. 

55 n. 
Pramathin, 47 th year of Jupiter's cycle, i. 

55 n. 
Pramoda, 38th year of Jupiter's cycle, i. 

55 n. 
Pravardha, name of a yoga, add. n. 19. 
Precession of the equinoxes, iii. 9-12 ; 
name, 249 ; statement of, iii. 9 ; form 
of theory, a libration, iii. 12 n; possible 
reason, 247 ; Bentley's view refuted, 
248 ; theory of Siddhanta-^iromani, not 
a libration, 248 ; whether precession 
taken account of in construction of Hin- 
du system, 247, add. n. 20 ; position and 
history in this treatise, 246 etc., add. n. 
20; rule for calculating, iii. 9-10; for 
determining by observation, iii. 11-12: 
Greek view of precession, 249. 
Prime meridian, i. 62. 
Prime vertical, iii. 6 ; its pole, 283 ; to find 
hypoth. of shadow, when sun is on the, 
iii. 25-27. 
Priti, 2nd yoga, ii. 65 n. 
Progresses of the sun, from solstice to 

solstice, xiv. 9. 
Projection of an eclipse, vi ; name, vi. 1, 8 ; 
scale of, iv. 26 ; figure illustrating pro 
jection of lunar eclipse, 301. 
Ptolemy — possible traces of his name in 
Hindu astronomy, i. 6 n ; his times of 
sidereal revolution of the planets, 168. 
add. n. 10 ; inclination of planetary or- 
bits, i. 70 n ; of ecliptic, ii. 28 n ; use of 
chords, 200 ; relation of his chords to 
Hindu sines, add. n. 15 ; mode of cal- 
culating equation of centre of sun and 
moon, 210; of other planets, together 
with annual equation, 217 ; his improve- 
ments of Greek astronomy, not found in 
Hindu system, 219,474; relative di- 
mensions and eccentricities of planetary 
orbits, 220 ; retrogradation of planets, 
226 ; precession, 249 ; distances, paral- 
lax, and dimensions of sun and moon, 
271 ; direction of ecliptic in eclipses, 
284 ; astrology, vii. 23 n ; heliacal set- 



ting of planets, ix. 9 n ; positions of ap- 
sides and nodes of planets, add. n. 11. 

Pulica, author of Paulica-Siddhanta, add. 
n. 1 ; identical with Paulus Alexandri- 
nus ? i. 6 n, add. n. 1. 

Punarvasu, 7th asterism — identification 
etc., 330. 

Purva-ashadha, 20th asterism — identifica- 
tion etc., 338. 

Purva-Bhadrapada, 26th asterism — iden- 
tification etc., 341. 

Purva-Phalguni, 11th asterism — identifi- 
cation etc., 333. 

Pushan, divinity of 28th asterism, 343. 

Pushya, 8th asterism — identification etc., 
331. 



Quadrants, odd and even, ii. 29-30. 

Radius — names, ii. 60 n; value in min- 
utes, ii. 22. 

Rahu, ii. 6 ; cause of eclipses, ii. 8 n, iv. 
6n. 

Rakshasa — 23rd year of Jupiter's cycle, 
i. 55 n ; name of a yoga, add. n. 19. 

Raktaksha, 32nd year of Jupiter's cycle, 
i. 55 n. 

Ranganatha, commentator on Surya-Sid- 
dhaota, inirod. n., add. n. 2. 

Ratnamala, authority respecting aster- 
isms, 325. 

Raudra, 28th year of Jupiter's cycle, i. 
55 n. 

Ravivara, Sunday, i. 52 n. 

Regents of years, months, days, and hours, 
i. 51-52, xii 78-79. 

Respiration, measure of time, i. 11. 

Retrogradation of the planets — name, ii. 
12-13; explanation, and definition of 
limits, ii. 51-55. 

Revati, 28th asterism — identification etc, 
343 ; its last quarter unlucky, xi. 21. 

Revolution of a planet, i. 25-27 ; numbers 
of revolutions in an Age, i. 29-34. 

Right ascension, equivalents of the differ- 
ent signs of the ecliptic in, iii. 42-44. 

ar-RishS, 28th manzil, 343. 

Rohiiji, 4th asterism — identification etc., 
329 ; astrological consequences of col- 
lision of the planets with, viii. 1 3. 

Rohitaka, place situated on prime merid- 
ian, i. 62. 

Romaka, name of Rome, i. 6 n, xii. 39. 

Romaka-Siddh&nta, add n. ] , i. 6 n. 

Rudhirodgarin, 31st year of Jupiter's cy- 
cle, i. 55 n. 

Rudra, divinity of 6th asterism, 330. 

[For words often spelt with Sh, S', 'S, or 

S, see C, under the letter C.) 
Sa'd adh-Dhabih, 22nd manzil, 340. 
Sa'd al-Akhbiyah, 25th manzil, 34) . 
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Sa'd as-Su'ud, 24th manzil, 341. 

Sa'd Bula', 23rd manzil, 340. 

Sadharana, 18th year of Jupiter's cycle, 
i. 65 n. 

Sadhya, 22nd yoga, ii. 65 n. 

Samvatsara — 1st year of lustrum, xiv.17 n ; 
year of era of Vikramaditya, add. n. 12. 

Sanskrit words, transcription and pronun- 
ciation of, introd. n. 

as-Sarfah, 12th manzil, 334. 

Sarvadharin, 66th year of Jupiter's cycle, 
i. 55 n. 

Sarvajit, 55th year of Jupiter's cycle, i. 
65 n. 

Saturn, names, revolutions, etc., etc. — see 
Planets. 

Saubhagya, 4th yoga, ii. 65 n. 

Saumya — 17th year of Jupiter's cycle, i. 
55 n ; name of a yoga, add. n. 19. 

Scale of projection of an eclipse, iv. 26. 

Seasons — number and names, xiv. 10 n; 
months and asterisms belonging to 
them, xiv. 1 6 n ; reason of varying 
temperature, xii. 46, 72 n. 

Second of arc, i. 28. 

Serpents, divinities of 9th asterisra, 332. 

Seven Sages, stars in Ursa Major, xiii. 9 ; 
their independent revolution, viii. 21 n. 

Shadacitimukba, solar period, xiv. 3-6. 

Shadow of earth — diameter on moon's 
orbit, iv. 4-5 ; no account taken of pe- 
numbra, iv. 5 n. 

Shadow of gnomon — names, iii. 5 n; base, 
or north and south projection of, iii. 23- 
25 ; path of its extremity, iii. 41-42 : 
equinoctial shadow, iii. 7, 1 2-1 3 : noon 
shadow, how calculated, iii. 20-22 ; oth- 
er shadows, iii. 28-34, 34-36 ; shadow 
cast by any planet or star, how deter- 
mined and laid down, 312, 316. 

ash-Sharatan, 1st manzil, 327. 

ash-Shaulah, 19th manzil, 338. 

Siddha, 21st yoga, ii. 65 n. 

Siddhanta-Ciromani— date, authorship, and 
derivation, add. n. 1 ; account of Vedan- 
gas, i. 3 n ; planetary system, add. n. 6 
division of the day, i. 1 2 n ; length of 
year, and mean sidereal revolutions of! 
planets, 168; positions of apsides and 
nodes, i. 44 n ; diameter and circumfer- 
ence of earth, i. 60 n ; prime meridian, 
i. 62 n ; precession, 248 ; statement re- 
specting precession as taught by Surya 
Siddhanta, 245 ; sines of zenith-distance 
and altitude of ecliptic, v. 7 n ; defini- 
tion of position of asterisms, 326-344 ; 
of fixed stars, viii. 12 n; geography of 
southern hemisphere, xii. 44 n ; orbit of 
asterisms, xii. 90 n ; armillary sphere, 
xiii 3 n ; descriptions of instruments, 
xiii. 21 n, 22 n •, solar day, xiv. 3 n ; epi- 
cycles, add. n. 18. 



Siddhanta-Sarvabhauma, add. n. 1 : meth- 
od of observing positions of asterisms, 
viii. 12 n; epicycles, add. n. 18. 

Siddhanta-Sundara, add. n. 1 ; cited by 
Siddhanta-Sarvabhauma, viii. 12 n. 

Siddharthin, 27th year of Jupiter's cycle, 
i. 55 n. 

Siddhi — 16th yoga, ii. 65 n; name of a 
yoga, add. n. 19. 

Sidereal time, day, year — see Time, Day, 
Tear. 

Sieu, 28-fold division of heavens by Chi- 
nese, 325 ; comparison with Hindu 
asterisms and Arab lunar mansions, 
327-344; map illustrating position and 
relations, add. n. 27 ; origin of system, 
ace. to Biot, 345. 

Sign, twelfth part of ecliptic, i. 28 ; reck- 
oned from any given starting-point, i. 
28 n, 68 n ; table of names and symbols, 
i. 58 n. 

as-Simak, 14th manzil, 335. 

Sin, 16th sieu, 337. 

Sine — name, 201, add. n. 16 ; series of 
sines, in minutes, ii. 1 7-22 ; comparative 
table of, 197 ; table of sines for every 
degree, with differences, 429 ; rule for 
developing the series, ii. 15-16; how 
derived, 198-9, add. n. 15 ; its falsity, 
add. n. 15 ; Hindu use of sines earlier 
than Arab, 200 ; Arab sines from Greek 
chords, 200 ; whether Hindu sines like- 
wise? add. n. 15 ; Hindu series how 
obtained, 198, add. n. 15. 
part of an arc determining the sine, ii. 
29-30 : to find the sine of a given arc , 
or arc of a given sine, ii. 31-33. 

Sing, 8th sieu, 333. 

Solar time, day, month, year, etc. — see 
Time, Day, Month, Year. 

Solstice, name of, 249, xii. 72 n. 

Soma-Siddhanta, add n. 1, 6. 

Somavara, Monday, i. 62 n. 

Sphere, 287. 

Square, iii. 5 n. 

Sthira, name of a yoga, add. n. 19. 

Subhanu, 51st year of Jupiter's cycle, i. 
55 n. 

Sukarman, 7th yoga, ii. 65 n. 

Sum of days — names, i. 51 n ; how found, 
i. 45-51. 

Sun — names, revolutions, etc., etc., see 
Planets— dimensions, iv. 1 ; mean ap- 
parent diameter, horizontal parallax, 
and distance, iv. In; to find true ap- 
parent diameter, iv. 2-3 ; briefer meth- 
od, 456 ; solar eclipses, iv, v ; calcu- 
lation of a solar eclipse, add. n. 25 ; 
error of sun's motion and position by 
Hindu system, 166 ; adaptation of those 
of other planets to it, 164-167: sun's 
revelation of present treatise, i. 2-9, xiv. 



S&rya-Siddhdn ta. 
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24-25 : his part in the creation, xii. 15- 
21 : divinity of 13th asteri9m, 334. 

Surd, 259. 

SuryaSiddhanta — professedly revealed by 
the Sun to Maya, i. 2-9 ; ascribed by 
al-Biruni to Lata, i. 3 n ; referred by 
Bentley to 11th century, 165; refuta- 
tion of this conclusion, i. 3 n, 167, 470 ; 
position in astronomical literature of 
India, introd. n., add. n. 1, 470 ; its sys- 
tem compared with those of other trea- 
tises, add. n. 6 ; present extent, xiv. 27 n 
division into two portions, xi. 23 n 
commentaries on, add. n. 2 ; published 
edition, introd. n., add. n. 1. 

Svati, 15 th asterism — identification etc 
335. 

Synodical revolutions of the planets, 212, 

Tables for finding true places of planets, 
where given, 2 1 8. 

Taitila, 5th etc. karana, ii. 69 n. 

Taittiriya-Sanhita and Taittiriya-Brah 
mana, names and divinities of the aste 
risms according to, 326 etc. 

Tammaya, commentator on Surya-Sid- 
dhanta, add. n. 2. 

Tarana, 62nd year of Jupiter's cycle, i. 
55 n. 

at-Tarf, 9th manzil, 332. 

Tattva-Viveka, add n. 1. 

ath-Thuraiya, 3rd manzil, 329. 

Ti, 14th sieu, 336. 

Time — real and unreal, i. 10; different 
modes of measuring and reckoning, xiv ; 
civil time and its uses, xiv. 18-19; lu- 
nar time, i. 13 n, xiv. 12-14; sidereal 
time, xiv. 15; solar time, xiv. 3, 10; 
time of gods, Prajapati, and Brahma, 
xiv. 20-21 : mode of reckoning time 
practically employed, i. 13 n: instru- 
ments for measuring time, xiii. 16, 19- 
24 : to determine the time by observa- 
tion of shadow of gnomon, Hi. 37-39 — 
see Day, Month, Year, etc. 

Times of rising, see Ascensional equiva- 
lents. 

Tsan, 4th lieu, 330. 

Tse, 3rd sieu, 330. 

Tsing, 5th sieu, 331. 

Tvashtar, divinity of 14th asterism, 334. 

Tycho Brahe's determination of apparent 
diameter of planets, vii. 14 n. 

TJdravatsara, 5th year of lustrum, xiv. 1 7 n, 

Uei, 17th sieu, 338. 

Ujjayini, city determining position of 
prime meridian, i. 62 n. 

tTpanishad, xiii. 3 n. 

Utpata, name of a yoga, add. n. 19. 

Uttara-Ashadha, 2lst asterism — identifi- 
cation etc., 338. 



Uttara-Bhadrapada, 27th asterism — iden- 
tification etc., 342. 

Uttara-Phalguni, 12th asterism — identifi- 
cation etc., 333. 

Vaicakha, 1st or 2nd month, i. 51 n, xiv. 

3d, 16 n. 
Vaidhrta, or Vaidhrti, name of a hostile 

aspect of sun and moon, xi. 2, 4. 
Vaidhrti, 27th yoga, ii. 65 n. 
Vajra — 15th yoga, ii. 65 n; name of a 

yoga, add. n. 19. 
Varaha, name of current Mon, i. 23 n. 
Varaha-mihira, astronomical and astro- 
logical authority, i. 3 n, vii. 23 n, 352, 

viii. 13 n, xiv. 6 n, add. n. 1. 
Varaha-Siddhanta, add. n. 1. 
Variyas, 18th yoga, ii. 65 n. 
Varsha, rainy season, xiv. lOn, 16 n. 
Varuna, divinity of 25th asterism, 341. 
Vasanta, spring, xiv. 10n, 16 n. 
Vasishtha or Vasishtha Siddhanta, add. 

n. 1, 6. 
Vasudeva, xii. 12. 

Vasus, divinities of 24th asterism, 340. 
Vatsara, 5 th year of lustrum, xiv. 17 n. 
Vedas, xii. 17. 
Vedangas, i. 3 n. 
Venus — names, revolutions, etc., etc., 

see Planets — in conjunction with other 

planets, vii. 23, 
Versed sine — name, 201 ; how found, ii. 

22 ; series of, for the quadrant, ii. 23-27. 
Vertical circle, 287. 
Vertical parallax, resolution of, 287. 
Vibhava, 36th year of Jupiter's cycle, i. 

55 n. 
Vicakha, 16th asterism — identification 

etc., 335. 
Vicrtau, name of stars in sting of Scor- 
pio, 337. 
Vicvavasu, 13th year of Jupiter's cycle, i. 

55 n. 
Vijaya, 1st year of Jupiter's cycle, i. 

55 ii. 
Vikarin, 7th year of Jupiter's cycle, i. 

55 n. 
Vikrama, 48th year of Jupiter's cycle, i. 

55 n. 
Vikramaditya, era of, add. n. 1 2. 
Vikrta, 58th year of Jupiter's cycle, i. 

55 n. 
Vilamba, 6th year of Jupiter's cycle, i. 

55 n. 
Vinadi, measure of time, i. 11. 
Virodhakrt, 19th year of Jupiter's cycle, 

i. 65 n. 
Virodhin, 57th year of Jupiter's cycle, i. 

55 n. 
Vishkambha, 1st yoga, ii. 65 n. 
Vishnu — divinity of 23rd asterism, 840; 

original character, xiv. 10 n. 
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Vishnu-candra, author of Vasishtha-Sid- 

dhanta, add. n. 1. 
Vishnudharmottara-Purana, add. n. 1. 
Visbnu-Purana, citations from and refer- 
ences to, i.9n, 12 n, 11 n, 19 n, 21 n, 

23 n, ii. 8 n, xii. 28 n, 44 n. 
Vishti, 8th eta karana, ii. 69 n. 
Vortices, or propelling currents, of the 

planets, ii. 3, xii. 73. 
Vrddhi, llth yoga,ii. 65 n. 
Vyaghata, 13th yoga, ii. 65 n. 
Vyasa-Siddhanta, add. n. 1. 
Vyatipata— 17th yoga, ii. 65 n, xi. 20 

name of a hostile aspect of sun and 

moon, xi. 2, 4. 
Vyaya, 54th year of Jupiter's cycle, i. 

55 n. 

Warren's Kala Sankalita, references to 
and citations from, introd. n., i. 13 n, 
34n,48n, 55 n, 62 n, 218, xiv. Sn, 17 n 
add. n. 12, 19. 

Weber, references to and extracts from 
his works and essays, i. 3 n, 6 n, ii. 8 n 
vii, 23 n, 348, xiv. 6 n, add. n. 1, 3, 26, 
28. 

Week — not an original or ancient Hindu 
institution, i. 52 n, xii. 79 n; whence 
brought to India, i. 52 n ; names of its 
days, i. 52 n; how determined, i. 52 n ; 
when they begin, i. 66. 

Wilson — his catalogue of Mackenzie Col- 
lection referred to, add. n. 1, 2 ; his 
Vishnu-Purana, see Vishnu- Purana. 

Y, 10th sieu, 334. 

Yama, divinity of 2nd asterism, 328. 

Yamakoti, city, xii. 38. 



Yavanas, Greeks or westerners, referred 
to in Hindu astronomical traditions, i. 
6 n, 474. 

Year— civil, lunar, sidereal, and solar, i. 
13 n ; year of the gods, i. 14; years in 
practical use in India, i. 13 n ; sketch of 
solar and luni-solar calendar, for year 
1859-60, i. 51 n : length of sidereal solar 
year, ace. to different authorities, 168 
years of eras of (^alivahana and Vikra- 
maditya, character and names of, add. 
n. 12 ; years of Jupiter's cycle, names 
of, i. 55 n ; years of lustrum, names of, 
xiv. 17 n. 

Yellaya, commentator on Surya-Siddhan- 
ta,add. n. 2. 

Yoga, period of time — name whence de- 
rived, add.n. 19 ; two systems, names 
and character of, ii. 65 n, add. n. 19. 

Yojana, measure of length, its subdivision 
and value, i. 60 n, add. n. 13. 

Yuvan, 43rd year of Jupiter's cycle, i. 
65 n. 

Zenith, name of, v. 1 n. 

Zenith-distance — on the meridian, iii. 14- 
16 ; elsewhere, iii. 33; sun's zenith-dis- 
tance on circles of intermediate direc- 
tion, how found, iii. 28-34 ; to find the 
same elsewhere, iii. 34-36; how found 
from shadow, iii. 14-15, 87 : instrument 
for obtaining sun's zenith-distance by 
observation, xiii. 21 n. 

Zodiac— name, iii. 12 n ; signs of, see 
Signs. 

Zones of the earth, xii. 59-69. 

az-Znbanan, 16th manzil, 336. 

az-Zubrah, llth manzil, 334 



